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STATE“OF’ NEW YORK: 
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IN SENATE, 


Frsruary 16, 1894. 


SIXTH ANNUAL REPORT 


OF THE 


ir: AGRICULTURAL EXPERIMENT STATION OF CORNELL 
. UNIVERSITY. 


STATE OF NEW YORK: 


ExrcuTivE CHAMBER, 
Arsany, February 16, 1894. 


To the Legislature : 
I have the honor to transmit herewith the sixth annual 
4 ort of the Agricultural Experiment Station of Cornell 
= versity. 
ROSWELL P. FLOWER. 
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Cornett University, PRestpEN1’s ass 
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To His Excellency Rosweit P. Flower, 
Governor of the State of New York: 

Srr.—I have the honor to transmit to Your Excellency the 
sixth annual report of the Agricultural Experiment Station - 
of Cornell University, conformably to the requirement of the 
act of Congress of March 2, 1887, establishing the station. 


I have the honor ‘to be your obedient servant. 


J. G. SCHURMAN, 
President of Cornell University. 
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Report of the Director. 


To the President of Cornell University : 


Srr.—I have the honor to transmit herewith my sixth 
annual report, with those of the treasurer and chemist, the 
botanist and arboriculturist, the cryptogamic botanist and 
plant pathologist, the entomologist, agriculturist and horticultur- 
ist, together with a detailed statement of receipts and expen- 
ditures for the year and an appendix of twelve bulletins. 
The matter contained in these bulletins is of such prime 
importance that I deem it not only a privilege but a duty to 
call your special attention to the published investigations of 
the year. While the funds of the station remain so lim- 
ited it is impossible to publish all that we would like to; 
hence many experiments begun as early as 1888 have not 
been written up, though they have been continued and prob- 
ably will be for some considerable time to come, as the 
longer experiments are carried on, especially those by the 
“nlot system” in the fields, the more valuable they become. 

The year’s investigations have embraced a large amount of 
both practical and scientific work, and I am pleased to say 
that the quality of the work is steadily improving. This 
year’s publications have been not only of a high scientific 
character, but they will be found to be exceedingly useful 
to the farmers of the State. 

Bulletin No. 50, the first one of the year, treats of, the 
bud moth. This insect has done a large amount of dam- 
age to the apple crop, and I am certain that the careful 

il 
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investigation of the habits of this pest and the remedies 
discovered for preventing its ravages, will be highly appre- 
ciated by all fruit growers. 

The second publication of the year is on “ Four New 
Types of Fruit.” These new fruits may not be superior to 
some of the old standard varieties, yet all additions to our 
fruit list add variety and create new demands. So, even 
though the new varieties may be somewhat inferior to stand- 
ard old varieties, they often fill vacant places and become of 
considerable value in some localities. Then, too, experimenting 
with new varieties is always likely to lead to valuable facts con- 
cerning old established varieties. 

Bulletin No. 52 is entirely devoted to the dairy interests of the 
State. It is in brief the results of a year’s investigations 
into the’ cost of producing milk, and the variation in 
individual cows. No bulletin yet published by any agri- 
cultural experiment station, so far as I have been able to 
learn, has set forth so clearly and emphatically the fact of the 
wide variation in the cost of milk production due largely to a 
single cause, the individuality of the animal. Our dairy is largely 
composed of high grades, most of which were thought to be 
superior cows, yet the cost of producing 100 pounds of milk ranges 
all the way from one dollar and forty-eight cents to forty-four 
cents. Milk throughout the State wholesales at an average 
of about one dollar per hundred weight. It will be seen 
that two of the cows in the herd were producing milk at a loss, 
while many of them were producing at a profit of more than 
100 per cent. What was true of the milk production was equally 
as true of the fat production. These investigations also empha- 
sized the subject of feeding of cattle, the cost of the several kinds 
of food, and the amount of production in gross pounds of milk 
and in net pounds of butter fat. Since the animals experimented 
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with were aE of the expensive sort, but selected grades, the 
bulletin becomes a practical treatise on the production of milk 
and butter fats for the dairymen throughout the entire United 
States. 

“The Gidema of the Tomato” was treated of in Bulletin No. 
53. As the tomato is in universal cultivation, being in every 
garden and plantation throughout the State, any disease which 
affects this plant should of necessity receive immediate and care- 
ful attention. The cryptogamic botanist has made a very care- 
ful and extended study of this new form of plant disease; the 
summary contains instructions for its prevention. : 

No publication of the year has brought to us so many requests 

as the little bulletin of sixteen pages on ‘“Dehorning.” <A few 
years since the practice was begun in Illinois, and it has spread 
far and wide throughout the herds in the northern States of the 
Union. Much discussion-has been had as to whether stock-raisers 
were doing all they could to prevent loss and suffering caused by 
wounds inflicted by one animal upon another. All who have 
| practiced dehorning agree that in the long run the removal of 
the horns from cattle prevents a large amount of suffering and 
loss. For several years the station has been experimenting not 
only as to the best method of dehorning, but also as to the best 
means of preventing the growth of horns. 

Bulletin No. 55.— “ Green-House Notes, 1892-93,” is really the 
third report on electro-horticulture, and the second on steam and 
hot water heating of greenhouses. While the first subject 

_ treated of is not likely to aid the horticulturist in any large way, 
yet the investigations are likely to lead indirectly to valuable 
results. The second subject discussed is always of prime impor- 
tance, as the chief cost in forcing plants is the heating of the 
house, any discoveries which will lead to more economical meth- 
ods will be of value. This bulletin also treats of the winter 
raising of cauliflower. 
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Two publications have been issued in former years upon the 
“‘ Production and Care of Farm Manures,” and Bulletin No. 56 is 
a continuation of this subject which is of so great importance. 
That a vast waste of fertility takes place by present methods — 
has been shown in these investigations, and it is believed that 
they have led to the practice of better methods in so many cases 
that the value of the plant food saved by the improved practices 
“more than equals the entire cost of the station work since its 
beginning. 
Bulletin No. 57 treats of “ Raspberries and Blackberries,” and 
gives instruction in setting and caring for plantations of small 
_ fruits and is valuable, especially to the beginner. 

The second bulletin of the year from the entomological 
‘division of the station treats of the “four-lined leaf bug,” which 
has been so disastrous to currant and gooseberry bushes in sevy- 
eral localities of the State. The bug is somewhat difficult to 
exterminate, but the division has succeeded in discovering insec- 
ticides that promise good results. 

Bulletins Nos. 59 and 60 are from the horticultural division. 
The first is an effort to discover whether “mulching retards the 
the maturing of fruit.” The second is on the “Spraying of 
Orchards.” The orchards treated were near the university, and 
I had the pleasure of seeing the results of the summer’s work in 
this direction. No illustration or description can adequately 
show the difference between the fruit produced by trees treated 
and untreated. The fruit of the orchard, which contained less 
than two acres, sold upon the trees for $200, or probably 100 
per cent more than it would have had the orchard been 
left to itself. Far more work should be done in this line 
than the station is able to do. Many millions of dollars are lost — 
annually from neglect and from a want of knowledge as to the 
,diseases of the orchards and the remedies which may be 


applied for preventing them. The State is certainly practicing 
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a “penny wise and pound foolish” policy when it fails to come 
to the assistance of the horticulturists by methods sufficiently 
ample to give help to all. Many orchardists of the 
great fruit belt of the western counties are thinking of cutting 
down their fruit trees because they have not as yet the requisite 
knowledge for fighting the enemies which have become so com- 
mon and so destructive to the apple and pear crops in recent 
years. If to the horticultural division, $25,000, could be appro- 
priated for giving instruction in fields and orchards to owners of 
plantations, and for carrying on experiments in various parts of 
the State, it would immediately return to the people many times 
- that amount. 

Our Omnibus Bulletin, the last one of the year, treats of vari- 
ous investigations which have been conducted during the current 
year, as follows: 

(Hdema of apple trees. 

Artificial culture of Melanconium fuligineum. ~ 

Jethro Tull or Lois-Weedon system of wheat culture. 

Powdered mildew cruciferus. 

Corn detasseling. 

Pear-leaf blister. 

A new food plant (Stachys Floridana). 

The mole-plant. 

Varieties of tomatoes. 

A potato preserver. 

Border carnations. . 

Potato-tomato grafts. 
~ Orchard covers. 

Edible garden docks. 

Spraying barns and greenhouse roofs. 

A shed for seeds. 


Labels. 
I. P. ROBERTS, 


Director. 


Report of the Treasurer. 


Tue AGRICULTURAL EXPERIMENT SraTION OF CoRNELL UNIVERSITY 


in AccouNT WITH THE Unirep Sratres APPROPRIATION. 


1893. 


June 30. 


To receipts from treasurer of the United 


Dr. 


States, as per appropriation for year 
ending June 30, 1893, under act of 
Congress approved March 2, 1887...... 


By salaries 
By buildings 
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By office expense 


$15,000 00. 


$9,570 84 
17 64 
2,491 14 
673. 95 


By equipment, laborand current expenses : 


Agriculture 
Horticulture 
Entomology 


Botany 
Chemistry 
Columbian 
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exposition. .... 


Receipts for produce sold : 


Balance from 1891-2 
Horticultural division 
Agricultural division 
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By balance to 1893-4 


496 45 
996 06 
248 86 
333 14 

6 14 
165 78 


$15,000 00 


$299 11 
292 88 
291 95 


$883 94 
$36 76 
847 18 


$883 94 
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We, the undersigned, duly appointed auditors for the corpora- 
tion, do hereby certify that we have examined the books and 
accounts of the Experiment Station of Cornell University for the 
fiscal year ending June 30, 1893; that we have found the same well 
kept, and correctly classified as above, and that the receipts from 
the treasurer of the United States for the time named are shown 
to have been $15,000 and the corresponding disbursements 
$15,000, for all of which proper vouchers are on file, and have 


_ been by us examined and found correct. 


HB LORD, 


GEO. R. WILLIAMS, 
Auditing Committee Board of Trustees. 


I hereby certify that the foregoing statement of account to 
which this is attached is a true copy from the books of account 


of the institution named. } 
EMMONS L. WILLIAMS, 


, Treasurer. 
‘STATE OF NEW YORK, 
County or TompxIns. | 88.1 
On this twenty,first day of December, 1893, appeared before 
me Emmons L. Williams, personally known to me to be the per- 
son whose signature is attached to the above certificate, and 
| acknowledged that he executed the same. 


he 8.] HORACE MACK, 
Notary Public. 


‘ Report of the Chemist. 

z 

. During the year 1893, as in the preceding year, practically all 
4 -the work done in the chemical laboratory of the station was for 


_ the Divisions of agriculture and horticulture by the assistant _ 
as chemist, Mr. G. W. Cavanaugh. . 
aa The most important part of this work consisted in the quan- 


c titative analysis of seventeen samples of manure and fertilizers, 
a four of fodder, forty-four of milk and twenty-nine of sugar 
e beets. The analysis of ten samples of Paris green is nearly com- 
i pleted at the time of the writing of this report. 

e | G. C. CALDWELL, 

2 Chemist. 
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Report of the Botanist. 


The botanical work of the station, as heretofore, has been 
wholly devoted to the investigations of the diseases of plants. 
This has been carried on by Prof. Atkinson, whose report is 
-inelosed. While there are other botanical questions, the consid- 
eration of which would come well within the scope and purpose 
of the station, the one referred to above is of such paramount 
importance at the present time that it seems wise to devote the 
entire efforts of this division to its study. <A considerable num- 
ber of letters of inquiry relating to general botanical subjects 
have reached the division, to all of which I have given due con- 
sideration and have sent appropriate replies. 

| A. N. PRENTISS, 


Botanist. 
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Report of Cryptogamic Botanist and Plant 
Pathologist. 


The most important investigation of the past year relating to 
the diseases of plants is that of a very mysterious disease of 
tomatoes grown in the forcing-house. It was at first supposed 


that the disease was due to the action of some specific micro- | 


organism, and an extended series of cultural and inoculation- 


experiments were carried on to determine this question. The 
results were negative and at the same time indicated that 
the trouble might be a purely physiological one. Another series 
of experiments confirmed this view, and it was determined that 
the trouble was due to the unequal operation of two physiologi- — 
cal processes, 7. ¢., root absorption was in excess of transpiration. | 
This induced an abnormal increase of water in the plant tissues, 
which could not be gotten rid of by the plant by the ordinary 
processes, and resulted in the dropsical swelling of the succulent 
parts just behind the actively growing tissues. The full results 
of this study were published in Bulletin No. 53 under the cap- 
tion — “ (idema of the Tomato.” 

This cedema or dropsy is probably of greater occurrence than 
is generally supposed in many plants. During the past summer 
I investigated a similar trouble of young orchard trees, the ~ 
result of which is published in the annual bulletin under the title 
“ (KHdema of Apple Trees.” Another case has also been recently 
investigated by me in violets grown in forcing-houses. 

Two other articles have been prepared for the annual bulletin, 
viz., “*‘ Powdery Mildew of Crucifers ” and ‘Artificial Cultures of 
Melanconium fuligineum.” 
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organisms to plant diseases. 
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A very extended study is in progress upon the anthracnoses, a 
group of fungi affecting a very great number of cultivated and 
indigenous plants, but from the breadth and scope which the 
work has at present assumed it is impossible to say when the 
matter will be ready for publication. 

The equipment of the laboratory has been further increased by 
the purchase of needed photographic apparatus and the fitting up 
of a dark room for photographic work. It does not seem out of 


place to call attention to some very important needs which were 


mentioned in the last annual report. The need of a competent 
assistant who can take charge of the routine work of the experi- 
ments, and manage those of lesser importance is very pressing 
and would be a very profitable investment, since it would relieve 
me of much time-absorbing work which might better be devoted 


to problems of a more intricate nature which can not be con- 


ducted so successfully when harassed by so many minor details. 
The provision of some cultural compartments mentioned last 


year is imperative before satisfactory experiments can be carried 


on in the investigation of the relation of supposed parasitic 


Respectfully submitted. 
GEO. F. ATKINSON. 


Report of the Entomologist. 


To the Director of the Cornell University Agricultural Experi- 
ment Station: 


Sir.—I beg leave to submit the following report of the work 


of the entomological division of this station for the past year. 


The general plan of conducting the work has been the same as 
that outlined in preceding reports; but the work has been done 
almost entirely by the assistant entomologist, Mr. M. V. 
Slingerland. 

The correspondence of the division has nearly if not quite 
doubled during the past year. This has been due in great part 
to more attention being drawn to our work through our bulletins 
and through the farmers’ institutes. Two hundred letters of 
inquiry regarding insects and their injuries have been answered. 
Twenty of these answers were prepared for publication and have 
appeared in the columns of agricultural journals. 

Three pests have been monographically treatedin our bulletins 
during the year. These are the following: 

The bud moth (Zmetocera ocellana), in Bulletin No. 50. 

The four-lined leaf-bug (Pacidcapsus limeatus), in Bulletin 


No. 58. 


The pear-leaf blister-mite (Phytoptus pyri), in Bulletin No, 61. 
Work is now in progress on a monographic account of the 
apple aphis (A. mali) and the apple-leaf aphis (A. sorbi?); the 
latter has heretofore been treated as a variety of A. maiz in this 
country. Both species have been carefully traced on the apple 


tree and all the forms occurring there studied. Further, A. mali 
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has been traced during the entire year from its emerging from the 


\ 


egg in early spring to the deposition of the eggs by the oviparous | 
females in the fall. Experiments were carried on against the 
eggs during the winter also. : 
A series of experiments to test the effect of kerosene emulsion 
on white grubs ona lawn were carried on, but with only negative 
results. 
Considerable work has been done on several species of cut- 
worms, notably two species of climbing cut-worms which did 
much damage to young peach trees, and one species which practi- 
cally destroyed the second growth of clover over an area of eight 
or ten acres. | 
Tenebrioides mauritanica injuring stored wheat is under inves- 
tigation, and its egg stage, which seems not to have been before 
observed, has been studied. . 
These details will serve to show the nature of the work in prog 
ress, although the species enumerated are merely the more 


important ones of those studied. 
Very respectfully yours. 
J. H. COMSTOCK. 
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Report of the Asriculturist. 


To the Director of Cornell University Agricultural Kapervment 
Station ; ; 

In general, the work of the agricultural division has been carried 
out in the same lines as indicated in previous reports. | 

Particular attention has been given during the past year to the 
study of questions concerning fertility; not only to the direct 
application of plant food, but also to the conserving and gather- 
ing of fertility by growing crops, and the importance of the plant 
food contained in the various commercial animal foods. ° 

The raising of winter lambs from the leading breeds of mutton 
sheep has received especial attention. During the past year the 
equipment of the poultry department has been materially 
increased, which greatly increases the facilities for investigation 
in this line. 

Heretofore the experiments in the breeding and management 
of poultry have necessarily been meager on account of insuf 
ficient number of fowls and the very limited equipment. Many 
letters of inquiry concerning poultry have been received during 
the past year, indicating a desire on the part of poultry keepers 


for more information in this line from experiment stations and 


agricultural colleges. 

‘The study of better methods for the preservation of ensilage 
has been continued from last year. Experiments in seeding and 
cultivation of ensilage crops have been continued in the same 
lines as in previous years, and will be the subject of a bulletin in 


the near future. 
G. C. WATSON. 


~ . 
al sy Says 4 
) 1 


7 Sul Paes Chanute fy Wh ere soe ty Pay Le abd Rie a om ot OA as 
I oii A * pies al ey ed ‘ F ‘ 


Report of the Horticulturist. 


To the Director of Cornell University Agricultural Hxpervment 
Station : 
‘Sm.— The endeavors of the horticultural division of this 
station have always fallen into two general lines of work: 
First, a discussion of the methods of forcing plants, especially 
plants which bear edible parts; and second, the preparation of 
monographs of certain plants or types of plants which are 
adapted to field culture. There has never been any attempt to 
make a mere test of varieties, nor to make any general and mis- 
cellaneous experiments upon isolated and detached objects. The 
theory of the division has rather been that certain subjects should 
be well monographed, and that the study of this subject should 
be continuous; that is, that it should occupy the attention year 
after year, even after the publication of a certain amount of 
result had been made in bulletin form. It therefore occurs that 
we have at the present time many lines of inquiry which we 
hope to monograph in the future. The division has endeavored 
to appreciate the fact that the conditions, under which the horti- 
culturists of the State and nation labor are exceedingly diverse, 
and, therefore, the first province of the Experiment Station is to 
discover or elucidate fundamental laws rather than simply to 
make records and observations. 
In the pursuance of this plan the division is called upon to 
make somewhat extended reports of its various inquiries, and 
the funds at the disposition of the station are insufficient to allow 
of the publication of these results. The greatest need which 
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this division feels at present is not facilities for doing more work, 
but means of diffusing more rapidly and more widely the results 
of its investigations. I believe that it is a legitimate province 
of the State to encourage a dissemination of information which 
we obtain through correspondence and experiment. This dis- 


semination of the results of our work, it seems to me, should 


proceed along two lines: First, there should be more funds for 


the printing and mailing of bulletins and reports; second and ~ 


chiefly, there should be some organization by means of which 
the horticultural interests of the State can be co-ordinated and 
banded together ina common bond or union. The horticultural 
interests of New York State are very great, but they are divided 
between three or four great geographical regions which are 


more or less separated and independent of each other. There is_ 


no State Horticultural Society. There should be some central 
organization which would have authority and power to carry 
the results of the latest scientific experiment and teaching into 
these various regions. The prosperity of the commonwealth 
could be greatly quickened, if, for instance, there could be what 
might be called “horticultural schools,’ fashioned somewhat 
after the plan of the itinerant dairy schools, and held in various 
parts of the State, and we should then have the means of giving 
to the people the information which I now feel is very largely 
withheld from them. The recommendation which I have to 
make at this time, therefore, is that you may consider the prac- 
ticability of asking the State for funds by means of which we 
can increase our own usefulness and add decidedly to the material 
progress of the State. 1 
Very respectfully submitted. 

L. H. BAILEY, 

Professor of Horticulture. » 
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- Cornell University—Agricultural Experiment Station. 


a’ ENTOMOLOGICAL DIVISION. 


BULLETIN 50—MARCH, 1893. 


* 
ae] 


TH BB UD M OT Fee 


By Marx Vernon SLINGERLAND. 


ORGAN ITZ oT TON: 


Board of Control.—The Trustees of the University. 


G. F. ATKINSON.... Assistant Professor of Cryptogamic Botany. 


OFFICERS OF THE STATION. 


rE PED OS HBS ol stint. sje) vf needa a eeglelptotee Siaia abel ato te meats Director. 

PEIN ey EL WY ON Gg iohctG ere ae Barer Oe Deputy Director and Secretary. 

Rak! Wil LAMG i. Set Hoke eae Sek eo Dee era ae Treasurer. — 

ASSISTANTS. 

REV se N GURL AN Die a cteevege <1. :lnsate oe chaste patarecs is Entomology. 

PPG Ty WUE ISOIN G2 a5 0 ace areidttinra ee ann’ a sigib) Biwi eje <= oat Agriculture. 
wn Aieln(a 6 (slagatte WIAD Blake. SCL Mais a oie aia At Horticulture. 

BN ALAN BIN AGED ge gas esd Beer eae otal aoaD Chemistry. 


Offices of the Director and Deputy Director, 20 Morrill hall. 
Those desiring this Bulletin sent to friends will please send us the» 
names of the parties. 


BuLietins oF 1893. 
50. The Bud Moth. 


f 


STATION COUNCIL. 
President — JACOB GOULD SHERMAN. | 
ne Oi ek DD WV EE ik arccnand gi Rakes Trustee of the University. 

Hon. JOHN B. DUTCHER.... President State Agricultural Society. - 
PE ERO) MEE e PS, otic er tinig eos ejeblorcr wiievels, Haytae Professor of Agriculture. 
Rr AAU VN res 5088) ole atonal dew grieve ele Professor of Chemistry. 
BEAR si rinis 555i. coe R a ow, Os Professor of Veterinary Science. 
Fete STs PEER HNN A, DSRS ea. s<ceat tik ade a 5l Saaitaie alate ge aor tees Professor of Botany. 
Peete COMMIS OOTK 52 at, syns. Maple ate ree es Professor of Entomology. 
: Obl Gly 67 0 0) OS Gaara nin een Mer hee Ve Professor of Horticulture. 
PEL VEIN oe aigrsts a. 5 he Assistant Professor of Dairy Husbandry, 


The Bud Moth. 


Tmetocera ocellana. 


Order Leriporrera ; family GrarHoLiTHID#. 


Nearly every year some injurious insect makes its appearance in 
sufficient numbers to alarm the fruit growers of this State. In 1801, 
not only did the pear growers suffer severely from the Pear Psylla,,, 
but the apple growers also had much of their fruit destroyed while yet 
in the bud by an insect known as the Bud Moth. 

During May and June, 1891, this Department of the Station 
received a large number of inquiries regarding the pest which was then 
at work in many counties of the State. The letters indicated that the 
_ pest was the most prominent apple pest of the season. 

As the insect attacks the opening leaf and flower buds, the destruc- 
tion wrought is often very great. The reports from some localities in 
the great fruit growing districts in the western portion of the State 
showed that nearly the whole crop on many trees was destroyed while 
yet in the bud. The pest was also especially destructive when it 
attacked recently budded or grafted trees and young nursery stock. 
The attack was not confined to the apple alone, but pear, plum, cherry, 
quince, and peach trees also suffered. 

Thus the fruit growers have to fear, in the Bud Moth, a pest which 
is capable of literally “nipping in the bud ” a prospective crop of fruit, 
a graft, or a budded stock. 


Tue Past Hisrory or THis Pst. 


This insect had been known for more than half a century in Europe 
before it was recorded in this country. The Bud Moth, therefore, like 
many of our worst insect pests, was no doubt an importation from 
Europe. The insect is common in nearly all parts of Kurope and there 
became of econoraic importance about 1840, or about the same time it 
was recorded here as injurious by Dr. Harris. 


_ *This pest was discussed in Bulletin 44, Cornell University Agricultural 
_ Experiment Station. 
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Dr. Harris’ account (1841) seems to be the first notice we have of 
t 
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the appearance of the pest in this country. It had probably been 


imported, while in hibernation, from Europe upon nursery stock some 
years before. After 1841, we have no record of the insect hav- 
ing been injurious until 1869. Then Dr. Packard (Rept. Mass. Bd. 
Agr. for 1869) found it to be “ the most injurious enemy of the apple 
tree, next to the Canker worm, that we have in this (Mass.) State.’ 
In the same year the pest did some damage in Pennsylvania (Am. Ent., 
I, 251). In 1870, the insect damaged plums in Ontario; Canada. 
Although Dr. Fitch mentions the insect as an.apple tree pest in his 
Third Report (1856), he does not record it as found in our State. And 
it is not until 1880 that we find any record of the occurrence of the 


pest in New York State. Then Prof. Comstock while U. S. Entomolo- 


gist received the insect from nurserymen at Union Springs, N. Y. In 
the previous year, as the notes of the Department at Washington show, 
Prof. Comstock had found the pest at work on the Department grounds 
at Washington. By 1885, the pest had reached Nova Scotia, where 
Mr. Fletcher found it hibernating on the twigs (Rept. Dept. Agr. of 
Canada for 1885). 

Dr. Lintner records the pest as quite injurious near Rochester, 
N., Y., in 1887, In 1888, Prof. Harvey (An. Rept. Maine Expt. 
Sta. for 1888, p. 169) found the pest doing considerable damage 
to apple buds in Maine; and in his Report for 1890, he records a 
very serious attack of the insect upon blackberry buds at Rockland, 
Me. Throughout Massachusetts, New York, and Canada, the 
pest appeared in increased numbers and was very destructive 
in 1891. Prof. Cook also records it as doing unusual harm in 
Michigan during 1892. (Fourth An. Rept. Mich. Agr. Expt. 
Station, 1891). December 17, 1892, Dr. Riley wrote us regarding the 
distribution of the pest as follows: ‘In the last two or three years I 
have received it from several localities in New England and the Mid- 
dle States, and the labels upon the specimens in the National Museum 
show that it has also been received from Missouri.” 

It is thus seen that this pest, which seems to have first appeared in 
this country in Massachusetts about 1841, has now become widely dis- 
tributed over the New England, Middle States and Canada; and it has 
spread southward to Washington, D. C., and westward into Missouri. 


Ivs CLASSIFICATION. 


This pest is one of the Micro-Lepidoptera and belongs to the group 
of moths known as the Zortricina. According to the latest syste- 
matic arrangement of the Lepidoptera, the insect is closely allied to the 
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well known Codlin moth, Carpocapsa pomonella; and the adult insect 
does resemble the Codlin moth in size and form, but it differs from it 
in structure, in coloring, and in its habits and life history. 

Its generie name Zmetocera (meaning cut-horned in the original 
Greek) was established in 1859 for the reception of this insect which 
still remains the only representative of the genus thus far, known; the © 
notched appearance of the base of the antenna* of the male moth 
(Fig. 3c) suggested the name, and seems to be the principal generic 
character. ‘The specific name ocellana (from the Latin for eye-like) 


_ was given to the insect in Austria in 1776, more than a century ago; 


a spot somewhat eye-like in appearance on each front wing of the 
moth suggested the name. The Eye-Spotted’ Bud moth is a common 
name given to the pest by some entomologists. ‘The moth has been 
described under five different names, and the species has been placed in 
six different genera. All of the names are now brought into the 
synonomy of Zmetocera ocellana. 


INDICATIONS OF ITS PRESENCE. 


The pest makes its presence known early in the spring as soon as 
the buds begin to open, usually about May first on early varieties and 
a week or ten days later on late varieties. Our correspondents reported 
that in 1891, Greenings, Baldwins and Kings suffered the most. The 
caterpillars work in opening fruit and leaf buds, often eating into the 
buds, especially the terminal ones, so that new growth is stopped. Such 
work in but a few buds on a nursery tree especially, soon checks and 


- disfigures its symmetry of growth and often spoils the tree for market- 


ing. This fact makes this insect one of the worst pests to be dreaded 
by nurserymen. On larger trees, unless the pest is very numerous, this 


disfigurement of the natural growth is not so noticeable. 


More often the pest does not begin its work until the buds are 
nearly half opened. In this case the caterpillars feed upon the central 
portions of the buds, if a fruit bud, upon the unopened flowers. The 
central leaves and flowers are tied together with silken threads, and 
when the pest needs more food it draws in and fastens an outer leaf or 
flower. Ina short time some of the partly eaten leaves in this nest 
turn brown and become detached from the branch, thus rendering the 
work of the pest quite conspicuous. So many of the leaf and flower 
clusters were thus webbed together, and so many of the leaves had 
turned brown in one instance, that a correspondent wrote May 25, 
1891, that some of his trees looked as though a fire had been through 


* The joints are not much notched, but a notched appearance is caused by the scanty clothing 
of the fifth joint, the peculiar arrangement of the scales on the third and fourth, and the spurs 
on the sixth and seventh joints. ; 
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them. This tying together of leaves and flowers and the brown 


appearance of many of the leaves are the most characteristic indications 
of the presence of the pest on large trees. 


In some cases, especially on the tender shoots of young trees, the | 


caterpillar, after destroying the bud, burrows down the center of the 
shoot, thus causing it to die back for several inches. 

Later in the season, in July, the work of the recently hatched 
caterpillars may be seen on the under side of ‘the leaves (Fig. 7). 
They feed upon the lower side of the leaf near the mid-rib, leay- 
ing the veins and upper epidermis of the leaf. As the area over which 
the caterpillar has fed soon turns brown, its work is quite easily seen. 
The number of leaves found thus affected in July and August will 
indicate whether the pest will be numerous the coming spring or not. 
The reason for this will appear when we treat of the life history of the 
pest. "3 

There is nothing about the appearance of the tree itself in winter _ 
that would indicate whether the pest was present or not. As the cater- 


pillars hibernate and are so securely hidden, it would be very difficult — 
for an ordinary observer to find them and thus to determine whether — 


the pest is present in alarming numbers. 


Tuer APPEARANCE OF THE PEsT. 


The larva or caterpiliar.--- This is the stage of the insect which is 
the most familiar to fruit growers. When first hatched, the larve are 


_about .04 of an inch (1 mm.) in length, slightly hairy, and of a light 


green color with a dark brown shield on the first thoracic segment; 


the head is nearly twice as wide as the body and of a shining dark — 


brown color. In a few hours the larva changes to a light seal-brown — 


color and the head and thoracic shield become nearly black. The larvee 


go into hibernation when about half grown, and appear upon the open- _ ‘ 


ing buds in the spring as little light brown caterpillars, about .16 of 2 an 
inch (4 mm.) long, with a black head and thoracic shield; the anal 


shield on the dorsum of the last segment is scarcely darker in color 
than the body. mt 
In June when the larve are full Ajai (Fig. 1) they measure about — 


sow En: 


~= 


Fie. 1.—The larva, about three times natural size. 


one half an inch (13 mm.) in length and are of a cinnamon brown 
color, with the head {and thoracic shield shining black and the anal — 
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shield sometimes considerably darker than the body. Light colored 
hairs arising from minute dark spots on slight elevations sparsely clothe 
the body. The three pairs of true legs borne by the thoracic seg- 
ments are black; the five pairs of pro-legs are of a fleshy nature and 
borne by the fourth, fifth, sixth, seventh, and last abdominal segments. 
The pupa.—This is the quiescent stage through which the insect 
passes in changing from the larva to the adult. If the nests made by 
the larvee be examined in the latter part of June the pupe may be 
found in a tube of dead leaves. Fig. 2,a@and 6 represent in outline 
the ventral and dorsal aspects of the pupa. It is about .27 of an inch 
(7 mm.) in length and of a light brown color. Each segment of the 
abdomen is provided on the dorsum with two rows of small tooth-like 
processes pointing caudad, and there are several hook-like bristles pro- 
jecting from the caudal segment. 
~The moth or adult insect.— Dr. Fernald describes the moth (Fig. 3 @) 
thus: “The fore wings expand about three-fifths of an inch. The 


Fig. 2.—The pupa; a, ventral view; Fic. 3.—The adult; a, twice natural 
b, dorsal view. size; b, venation of the wings; ¢, 
basal joints of antenna of male, much 
enlarged; d, genitalia, one harpe much 
enlarged. 


head, thorax, and basal third of the fore wings, and also the outer 

edge and fringe, are dark ashen gray, the middle of the fore wings is 

cream white, marked more or less with costal streaks of gray, and in 

some specimens this part is ashy gray, but little lighter than the base. 

Just before the anal angle are two short {horizontal black dashes fol- 

lowed by a vertical streak of lead{blue, and there are threeZor four 
4) 
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similar black dashes before the apex, also followed by a streak of lead 
blue. 

“The hind wings above and below and the abdomen are ashy gray. 
The under side of the fore wings is darker, and has a series of light 
costal streaks on the outer part.” At 0, figure 3, is shown the venation 
of the wings; c, represents the peculiar structure of the basal joints of 
the antennae of the male moth; d, represents one side of the genitalia 
of the adult male. . 


Tue Lire History or rue INsxcr. 


The more one can learn about the habits and life history of an insect 
pest, the easier it will be to intelligently combat that insect. The 
minutest details of the: where, how, and when the insect works are 
always of interest and oftentimes reveal the weak and vulnerable point 
in their defensive armor. In order to study with accuracy the habits 
of an insect it is necessary to place the insect under conditions, in the 
field if possible, and if not then in the laboratory, where it can be 


watched almost constantly and yet have the conditions as nearly 


natural as possible. The same insect may differ in its life history in 
different localities under the different climatic conditions. For instance, 
the Elm-Leaf Beetle (Galeruca xanthomelena) develops two broods in 
the vicinity of Washington, D. C., while in its spread northward it 
has has become single brooded in Northern New Jersey. Again, the 
Squash-Vine Borer (Jelittia. ceto), according to the observations of 
Prof. J. B. Smith is single brooded in New Jersey, but Prof. D. 8. 
Kellicut finds it to be double brooded in central Ohio, These instances 
show the need of supplementing the observations of others by a study 
of the insect in one’s own locality. In fact were it not for just such 
complete studies of the habits and life histories of our worst insect 
pests, it would not be possible for farmers and fruit growers to be so 
successfully fighting these minute foes. 

Our study of the life history of this Bud Moth has afforded a strik- 
ing example of the importance of the above facts. It has been found 
necessary to watch the insect in its various stages almost constantly to 
learn its habits ; and this detailed study has revealed what appears to 
be the only weak point in its armor. And again our observations show 
that the pest has quite different habits in this State from what it has 
in Massachusetts, if the recorded observations of one of our leading 
entomologists are correct; this difference will be seen to be of vital 
importance when we come to discuss the preventive measures to be 
used against the pest. 

Although the larva and pupa of the Bud Moth were known more 
than eighty years ago, but little was recorded of its life history until 
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1840. Then Schmidberger recorded that in Austria the moth laid her. 
eggs in June on the fruit and leaf buds, where they remained unhatched 
all winter, the larvee emerging as soon as the bud began to swell in the 
spring. Although considerable was written later of the insect, nothing 
new was learned of its habits until 1885, when Mr. James Fletcher 
found what he believed to be the half grown larva hibernating under a 
silken covering on the twigs. In April, 1891, Dr. C. H. Fernald 
(Bull. No. 12, Mass. Hatch Agr. Expt. Sta.) recorded the results of 
several years of observation upon the pest. His observations were 


" quite extensive and threw considerable new light upon the life history 


of the insect. It was not until 1892, however, that the life history of 
the Bud Moth as observed in New York State and in Canada was 
correctly, although very briefly, recorded (Mr. James Fletcher’s Rept. 
as Entomologist for Dept. Agr. Canada 1891, p. 195). 

Appearance and habits of the insect in the spring .—As the attention 
of fruit growers will be attracted to this pest by its appearance and 
methods of work upon the buds in the spring, it seems best to begin 
the discussion of its life history at this point. 

The insect comes from its winter quarters and appears upon the buds 
in the form of a small dark brown larva about one-fourth of an inch in 
length, with a shining black head and thoracic shield. The dates of its 
appearance in this ‘State varies considerably. In 1891 it appeared 
about April 15; but in 1892 it was about May 7 before any larva began 
work on the buds at Ithaca, N. Y., and on some late varieties of apples 
they had not all made their appearance by May 15. Asa rule it may 
be said that they time their appearance by the date of the opening of 
the buds. Thus the earliness or lateness of the season or of the variety 
of the tree infested will vary the time from two to four weeks, rang- 
ing from April 15 to May 15. 

In some cases the larva appears before the bud has opened sufficiently 
for it to readily enter. It 1s then forced to eat its way into the bud. 
Once within the bud it revels in the very tender growing leaves or 
flower buds, tying them together with its silken threads, and thus 
forming for itself a well protected nest, within which its destructive 
work goes on (Fig. 4). The larva does not confine its work to one or 
two leaves or flowers, but it seems to delight in devouring a part of a 
leaf here or one side of a developing flower there. So that nearly 
every leaf or flower in the opening bud is forced to contribute to the 
greed of the little larva, thus greatly increasing its destructiveness. 

The larva does the most damaging work upon young trees or upon 
nursery stock when it attacks, as it often does, the terminal buds of 
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twigs or shoots. Its work in the central portions of the opening bud is 
quite certain to check the growth of the shoot in that direction. 
Again, in some cases the larva not only feeds upon the leaves of the 
bud, but it begins, usually, near the base of the second or third young 
leaf, and works its way into the pith of the twig. A burrow is thas 


Fia. 4.—Work of larvze in opening buds. j 


formed which sometimes extends for two or three inches down the 
shoot. The entrance to this burrow is more or less concealed by some 
of the basal leaflets or the bud, which are dead and dry and fastened 
with silk to one side of the hole. When attacked in this manner, the 
whole tip of the shoot soon dies back as far as the burrow extends. 
Thus the symmetry of the growth of the tree is marred, and if in a 
nursery its market value greatly lessened. 

Some larve do not leave their winter quarters until the buds are 


quite well opened. The manner of working of these larve, and the 


later steps in the work of those that appeared earlier, has been well 
described by Professor Comstock in the notes of the Department of 
Agriculture at Washington, taken May 14, 1879, while he was United 
States Entomologist. He says: ‘The larva settles on one of the more 
advanced leaves, of which it cuts the petiole half through, either near 
its base or close to the Jeaf so that it wilts. Of this half dead leaf it 
forms a sort of tube by rolling the edge of one side more or less down 
and fastening it with silken threads and then lining the inside sparsely 
with sik. If the leaf which it has selected as its final home should 
become too weak at the place where it has been cut, so that there may 


- 


Tur Bop Morn. 3 - 37 


~ 


_ be danger of its falling to the ground, then the larva goes to work and 


either strengthens it with silk, which is fastened to the twig and petiole 
or ties the apical portion of the tube to another leaf, or cuts that part of 
the leaf which contains its tube from the rest of the leaf, so that either 


Se 


Fia. 5.—Work of the larve among opening leaves. 


the whole or only that portion which contains the tube hangs suspended 
from another leaf.” The larva lives in this tube most of the time, only 
coming forth to feed; when disturbed it retreats into the tube out of 
sight. In feeding it draws other leaves, one after another, toward it 
and fastens them with threads of silk, thus forming a nest. (Fig. 5.) 
Some of these partially devoured leaves soon turn brown and die, thus 
rendering the nest quite conspicuous. 

After their first appearance in the spring, the larve continue to feed, 
mostly at night, in the opening fruit and leaf and buds for six or seven 
weeks. During this time, they probably cast their skin three times, 
but no change takes place in their general appearance except the 
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natural increase in size. The full grown larva is described on page 32. 
Soon after reaching maturity the larva begins to make preparation for 
its transformation to the quiescent stage of the insect — the pupa. 

Pupation.— Within a tube, formed by rolling up one side of a leaf 
or by bringing together two or three half devoured leaves, and 
securely fastening everything with silken threads, the larva retreats 
and lines the interior with a thin closely woven layer of silk. This 
forms the cocoon of the larva, within which it is soon to undergo its 
wonderful change to a pupa. In some cases the cocoon is formed on a 
leaf or twig and covered on the outside with the fine wool taken from 
the leaves or petioles, thus giving it a close resemblance to its surround- 
ings so that it is not easy to detect it. Those larve which emerge first 
on the earlier varieties of trees attain maturity and begin spinning 
their cocoons in the latter part of May. The date of pupation varies 
from June Ist to the 25th in this State. The pupa is described on 
page 33. 

The pupa (Fig. 2, a and 5) lies quietly in its silken chamber for about 
tendays. It then pushes its head through one end of the cocoon, and by 
the aid of the rows of. the tooth-like processes on its dorsum it works 
itself along until the greater portion of its body projects from the end 
of the cocoon. The pupal skin then splits open over the head and 
along the back and sides, and the delicate little moth emerges. 

Habits of the moth.— After crawling forth from the pupal skin and 
waiting a few minutes for its wings to expand and dry, the moth flies 
away and is soon ready to begin its mission of the perpetuation of the 
species. The moths begin to appear as early as June 5 in this State, 
and all have not emerged by July 10. They are the most active at 
night. During the day they remain quiet on the trunk and limbs of 
the tree with the wings folded roof-like over the body. In this posi- 
tion they so closely mimic the bark of the tree as not to be readily 
seen. ‘The moths lived about two weeks in our cages. 

Oviposition.— Three or four days after emerging, the moths copu- 
late and egg-laying begins. Oviposition takes place mostly at night. 


Fia. 6.— Egg showing embryonic larva within, greatly enlarged. 


The eggs are usually laid singly on the under side of the leaves; some 


were found upon the upper surface and sometimes from two to seven 


/ 
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occurred slightly overlapping each other in a cluster. The eggs (Fig. 6) 
are curious objects. They are disc-like, very much flattened, usually 
oval in outline, a few are circular, and- measure .8 mm. by.7 mm. A 
flat outer rim .2 mm. wide adheres closely to the leaf leaving a central 
slightly elevated rounded disc in which the larva develops. The egg is 
so nearly transparent that it can be scarcely distinguished from the 
leaf unless it be held in the right light when the egg will reflect the 
prismatic colors like a drop of water. In fact the eggs so closely 
resemble minute drops of water or a fish scale on the leaf that a lens 
is necessary to determine the egg characters. 

Although the eggs were closely watched, no. visible changes in color 
or arrangement of the contents took place until about nine days after 
they were laid. Then the developing insect was plainly visible as a 
greenish larva with a dark brown head and thoracic shield. The larva 
was curled in the central portion of the egg as shown in the figure. 
Eggs which were laid July 1 and 4 hatched July 11, the egg state thus 
lasting from seven to ten days.* 

Habits of the larva during the summer.— The larva emerge from 
the egg through a hole made by it near the edge of the central disc, 
The little greenish colored creature which emerges is scarcely 1 mm. m 
length ; the thoracle shield is dark brown and its similarly colored 
head is nearly twice as wide as the body which is sparsely 
clothed with hairs. It does not stop to eat the shell of its egg, but 


* These observations upon the eggs of the Bud Moth différ much from those 
of Dr. Fernald recorded in Bulletin 12, Mass. Hatch Agr. Expt. Station, April, 
1891. Dr. Fernald says: ‘‘ The female lays her eggs, when in confinement, in 
clusters of from four to ten or eleven, often overlapping each other. They are 
oval, flattened, four-fifths of a millimeter long, and half as wide, sordid white 
with a narrow border of clear and transparent white, while the centre of the 
eggs is one complete mass of minute granules. In about three days the center 
of the egg has grown darker, and the granules larger; and on either side there 
is a clear, white oval space about one-third the length of the egg. In about 
two days more the outer edge of the center is the same color as in the last 
stage, and inside this is a narrow, lighter band, while in the center is seen the 
form of a cylindrical larva larger at one end, and both ends slightly curved 
toward each other; and in one or two days more the whole form of the larva 
is visible, the head, thoracic and anal shields being black. The egg stage lasts 
from eight to eleven days.” 

. Our eggs were obtained in large numbers from moths reared from the larvee 
and confined in cages containing branches of apple which had been very care- 
fully examined for any other eggs before they were placed in the cages. Dr, 
Lintner has also called attention to the fact(Can. Ent., XXIII, 231) that the 
eggs of the Bud Moth which he obtained were very different from those 
described by Dr. Fernald. 
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immediately begins to feed upon the outer layer of cells or epidermis 
of the leaf, usually upon the under side. A few hours later the larva 
makes for itself a tube, open at both ends, of silk in which pellets of 
excrement are intermingled. This tube is usually made alongside the 
mid-rib of the leaf, but sometimes near a large vein. ‘These tubes are 
the homes of the larve from which they sally forth to feed upon the 
surrounding tissues and into which they retreat when disturbed. The 
larvee further protect themselves by spinning, as they go, a thin layer 
of silk, in which the natural pubescence of the leaf is mixed, over 
their feeding grounds. This silken web extends over the tube also, and 
being gradually thickened as the larva grows, the tube is scarcely visi- 
ble from without. As the larva increases in size and the area over 
which it feeds becomes larger, the tube is enlarged and lengthened 
along the mid-rib, sometimes becoming nearly one inch in length. The 
silken web under which the larva feeds covers the entire field of opera- 
tions but is so thin near the edges where the larva has last fed as to be 
scarcely visible. The excrement of the larva being retained by the 
web appears as little black pellets scattered here and there over the 
feeding ground. . 

The larvz feed almost entirely upon one epidermis and the inner 
tissues of the leaf, leaving the net-work of little veinlets and rarely 


’ Fia. 7.— Leaf showing the work of a young larva during the summer. Natural size. 


eating through the opposite epidermis which thus forms the floor of its 
feeding grounds. The veinlets and epidermis remaining soon turn 
brown and die; and as the epidermis is quite transparent the work of 
the larva is rendered conspicuous from either side of the leaf. Rarely 
more than one larva works on a leaf. Sometimes two leaves are 
fastened by the silk of the web, and the larva then works between the 
leaves, feeding mostly on the tissues of one. 

The larvee continue to feed in this manner during July and August, 
and some may be found feeding in September. The area over which a 
larva has fed is very irregular in outline and usually covers less than 
one-fifth the area of the leaf. It usually extends along both sides of 
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the mid-rib and branches out along the large veins into irregular 
areas. (Fig. 7.) 

From the time the larve emerged from the eggs in our cages 
(July 11) they received careful attention. Some were placed out- 
doors on a tree under a net; and the food in the cages was kept as 
fresh as possible and their habits of growth an} feeding noted. And 
although the observations upon their feeding habits as recorded above 
agree in general with those of Dr. Fernald, there were no such changes 
took place in the size and appearance of the larvze as he describes.* 

Our observations show that the greenish color of the larva when it 
first emerges changes in a day or two to a dark brown, slightly lighter 
than that of the mature larva; and the larva then maintains this brown 
color throughout its whole existence. The head and thoracic shields 
change to black, but the anal shield in the early stages of the larva is 
scarcely to be distinguished from the body color; rarely does a mature 
larva have the anal shield blackish. The larve grow very slowly. 
Instead of attaining a length of 4 mm. in a week (as did Dr. Fernald’s), 
they did not moult or cast their skin the first time until five days after 
emerging. They then measured 2.25 mm, in length, and the head was 
now but little wider than the body. The second moult occurred seven 
days after the first. ‘Lhere was no change in the appearance of the 
larve except in size, they then measuring 3 mm. in length. July 28, 
or five days after the second moult, the larvze cast their skins for the 
third time and attained a length of 4 mm.t 


*Dr. Fernald says: ‘‘ When the young larva hatches it does not eat the shell 
of its egg, but goes on to the tenderest leaves and almost immediately begins 
spinning a microscopic layer of silk, under which it eats the outer layer or 
epidermis of the leaf. The larva is then about three millimeters in length, of 
a creamy white color, with head, thoracic and anal shields blackish brown, 
and a few minute pale‘hairs on the body; the head is very large for the rest of 
the body. In a week the larva is nearly four millimeters long, light yellowish 
brown, with the head, thoracic and anal shields dark brown, and it eats 
minute holes through the leaf, its silken web now being visible to the naked 
eye. The larva gradually becomes a trifle more brownish, increases in size 
and enlarges its web along the side of the mid-rib.” 

+It may be of interest to some to know how it was determined when the 
larva had moulted, working as it does mostly out of sight. The method 
employed was that used by Mr. H. G. Dyar, who has worked out the number 
of moults of many species of caterpillars. He found that the diameters of the 
head of a larva taken after each moult formed a geometrical series. The head 
being chitinous does not increase in size between the moults. So that by 
ascertaining the diameter of the head before and after a moult a ratio could be 
taken with which the terms of the series could be obtained ; or, in other words, 
one could calculate what the diameter of the head of the larva was going to 
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After the third moult the larve fed but little; one or two moulted 
the fourth time. When this stage is reached, the larvee seem to know 
instinctively that they have reached that point in their development 
when it is necessary for them to make preparations to go into winter 
quarters, even though it be several weeks yet before the leaves become 
unfit for food or fall from the trees. 

Hibernation.— Previous to 1885 the Bud Moth was supposed to 
pass the winter in the egg state as recorded in 1840 by Schmidberger. 
In 1885, however, Mr. J. Fletcher, in his Report as Entomologist to the 
Department of Agriculture of Canada says: “Ido not know for cer- 
tain the life history of this little moth, but believe that it passes the 
winter on the branches of the apple trees, protected by a covering of 
silk. I have found small brown larve hibernating in this manner at 
Kentville, N.S. The size of the caterpillar in the spring when. it 
attacks the buds also points to the probability of this view.” Prof. 
Fernald says: “Late in the fall the silken web is quite heavy and 
thick, and the larva deposits its excrements in little pellets in the form 
of a tube, under the web, within which it hibernates during the win- 
ter.” In August, 1891, Dr. Lintner stated (Can. Ent., XXIII, 231) 
that: “He had believed that eggs were deposited in the month of 
April by the parent moths, from some imperfect and denuded speci- 
mens that had been captured fluttering about the trees at this time, 
and which seemed to be that species. Some of the larvze which he 
had hatched from the eggs in June had attained such size in early 


be after any future moult. This method has been found to work surprisingly 
well in practice here at the Insectary. Mr. Dyar has found but few exceptions 
in his work. It requires careful measurement with a compound microscope, 
however, and the real diameters frequently vary from the calculated, but 
rarely more than .05 mm. 

The heads of the Bud Moth larvze were found to measure .225 mm. when 
first hatched. In afew days a cast head was found under a web. The diam- 
eter of the head of the larva in the tube was .288 mm. From the ratio 
between these diameters calculations were made of what the diameters of the 
heads would be after the other moults. But what would be the last term of 
the series? It so happened that a larva which had spun its cocoon but had 
not yet changed to a pupa was available. The diameter of the head of this 
fully matured larva gave the last term. Surprising as it may seem, the calcu- 
lated seventh term lacked only .06 mm. of the real diameter of the larva’s 
head. The calculated diameters after the second moult were as follows: .368 
mm.; .471 mm.; .608 mm.; .772 mm. and .99 mm. The real diameters thus 
far obtained from measuring the heads of the larva are: .863 mm.; .48 mm.; 
.56 mm. and 1.05 mm., leaving that after the fifth moult to be determined. 
The diameters after hatching and after the first moult are not included in 

these figures. They were obtained by measurement and formed the basis for 
the others; they were .225 mm, and .288 mm. 
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July when they died that they certainly should have attained full 
maturity during early autumn.” Again, in 1892, Mr. Fletcher says in 
his Report for 1891: “In 1885 I found in Nova Scotia some small 
larvee enclosed in silken cells, which they had spun in the roughness of 
the bark of fruit spurs upon apple trees. Upon one or two occasions 
last year the method of passing the winter of this insect was discussed 
at scientific meetings, but there seemed to be doubt about the matter. 
This winter I have made careful search upon apple trees and upon 
some twigs, which were sent to me by Dr. Young, bearing the larve 
of asmall Coleophora. In every case I have been able to find the 
larvee of this (Bud) moth enclosed in small silken cells, covered over 
with, apparently, the excrement of the caterpillar, so that I am con- 
vinced that for this part of Canada and Nova Scotia this is the usual 
mode of passing the winter.” 

From these extracts it will be readily seen that there is considerable 
difference of opinion in regard to the stage and manner in which this 
pest passes the winter. Especial attention has been given to this part 
of its life history here at the Insectary. 

During 1891 many observations were made upon the larve 
working upon apple trees- on the University grounds. The work 
of the larve in their early stages under their webs upon the 
leaves progressed as discussed under the habits of the larve dur- 
ing the summer. By September 15, however, it became apparent that 
the larve were feeding but little, if any, and several of the tubes under 
the webs did not contain larve. By November 1, not a larva could be 
found in nearly one hundred infested leaves taken from various parts of 
the trees. What had become of the larve? By very close scrutiny 
of the twigs which bore infested leaves, it was found that in almost, 
every case there was a small brown larva snugly ensconced in a little 
silken cell made in some angular roughness of the bark. These larvee 
could not be distinguished from those which had been in the tubes only 
a few days before. 

To leave no room for doubt that these were the larve of the Bud 
Moth, several twigs were enclosed in nets. These larve did not leave 
their silken cases or hibernacula until about May 15,1892. Their work 
during May and June was similar to that of Bud Moth larve on other 
trees. July 5, 1892, some of these larve had pupated, and the moths 
emerged July 15. They were typical Zmetocera ocellana, thus prov- 
ing that the larvee which were found in the silken hibernacula were 
those of the Bud Moth. These observations also go to show that the 
larve do not hibernate in their tubes upon the leaves where Dr. Fernald 
left them in the fall. 
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In 1891, we also had a similar experience to that recorded by Dr. 
Linter above. Larve which hatched in the latter part of June, 
attained such a growth by July 20, that it seemed as if they must 
become full grown before fall. All had disappeared, however, by 
August 1, and were supposed to have died. 

Further observations were made upon this point in1892. The eggs 
obtained from moths confined in cages hatched July 11; and the larve 
were given every chance to grow in our cages and on trees in the field. 
These larvee had moulted the third time by July 28, after which they 
fed but very little. On August 2, one of the Jarve in the cage had 
left its tube and leaf. It was found in a minute, closely woven, silken 
case constructed in a slight groove by the larva in the bark of the 
twig; the bark presenting no angular places, the larva had cut one. 
The outside of the cocoon was completely covered with little particles 
of bark and dirt, thus rendering it a very inconspicuous object. These 
hibernacula are but little more than an eighth of an inch in length and 
just large enough to hold the somewhat contracted body of the little 
larva. They are always made on the twigs and smaller branches, and 
usually quite near a bud. Figure 8 represents a twig natural size 
bearing three hibernacula at a and 6. By the middle of August most 


Fie. 8.— Twig showing the position of the winter homes 
of the larve at a, a, and b, natural size. 


of the larve both in the cages and in the field had gone into hibernation. 
Frequenty the hibernacula were made under some convenient piece of 
dead leaf or bud scale (4, Fig. 9) which had happened to lodge on the 
bark of the tree. The bit of leaf or scale would be firmly fastened to 
the branch by the silken case underneath Some of the larvee which 
were of the same brood as those which went into hibernation early in 
August, did not leave their tubes until September 1. But none 
remained in the tubes when the leaves fell in autumn. 

These observations leave but little doubt that the larvee cease feed- 
ing on the leaves soon after the third moult; a few may moult the 
fourth time, and some of them immediately go into hibernation while 
others wait until later, but none remain upon the leaves during the 
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winter. Undoubtedly those larve which pass the third or fourth 
moult quite early in the season, go into hibernation, even though the 
leaves remain green and do not fall for two or three months afterward. 

The little creatures seem to understand when they have reached the 
hibernating stage. And notwithstanding the temptation of plenty of 
food and weeks of mild weather, they do not believe in waiting for 
their comrades who from unforseen circumstances have not reached 
this eventful period in their lives; thus all can pass the winter under 
- the same conditions and start equal in the spring. 

In the light of these facts it seems very probable that the larve 
which we had under observation in 1891, and those upon which 
Dr. Lintner based his records as mentioned above, had reached 
their hibernating stage, and either escaped our observation in their 
hibernacula or they may have died in seeking a suitable place to 
hibernate. 

Taking into consideration all of these observations, we can not 
escape the conclusion that the normal method of hibernation for the 
Bud Moth in New York State, Canada, and Nova Scotia is as a half- 
grown larva snugly hidden-in a silken case on the twigs of the tree 
In this position it is right at hand to nip the bud upon its first showing 
signs of opening. Whereas, if the little larva fell to the ground with 
the leaf, it must of necessity proceed by a tortuous and very uncertain 
route over the ground and up the tree to the buds. It would seem that 
instinctively the little creature must choose the former method. 

It has seemed best to discuss the hibernation of this insect in such 
detail not only because of the widely differing opinions held, but 
because it has a very practical bearing which will be discussed under 
the preventive methods to be used against this pest. 

When spring opens, the little brown larve leave their winter homes 
and begin their destructive work upon the buds as described under the 
appearance and habits of the larve in the spring; and thus the yearly 
life cycle of the insect is completed. 

Number of Broods.— The pest is normally single brooded in this 
and more northern latitudes. The moth appears and lays her eggs in 
June and July; the larvee feed upon the leaves until half grown and 
then hibernate in that stage. Farther south in the vicinity of Wash- 
ington, D. C., it is possible that there are two broods. Prof. Com- 
stock’s notes taken there in 1879, show that the larvee pupated as early 
as May 19, and moths began emerging May 29. If there are two 
broods there it would be interesting to know the habits of the larve 
during the summer. 
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In his Seventh Report (1891), Dr. Lintner speaks of a second brood 
of larvee working on the leaves during July. This is misleading, for 
these larvee are simply the early stages of the same brood of larve 
which will appear upon the buds next spring. There is only one brood 
a year, but the larval period extending over a part of two years causes 
the larve of two different broods to appear during the same calendar 
year. 


NaturRAL ENEMIES OF THE Psst. 


This pest, like many of our insect foes, has its natural enemies which 
help to bold it in check. There are several parasitic insects belonging 
to the Hymenoptera which prey upon the larve of the Bud Moth. 
They are all active wasp-like insects, scarcely one-fourth of an inch in 
length. 

Taschenberg records the following five species of parasites as preying 
upon the insect in Europe: Chelonus nigrinus and similis, Microdus 
rufipes, Mesochorus dilutus, and Lissonota culiciformis. 

In this country, but three species seem to be at work upon the pest. 
Dr. Fernald says (Bull. 12 Mass. Hatch Agr. Expt Sta., 1891): “Some 
years ago I found a most curious parasite attacking the larve of this 
species. It was a Hymenopterous insect of a pea-green color, and was 
attached to the top and across the second segment of the larva, on the 
outside and entirely out of the way of harm; there it grew fat at the 
expense of its host which died a lingering death. The parasite was 
determined for me by Mr. E. T. Cresson as Phytodictus vulgaris Cr.” 
In July, 1892, we reared two species of these small Hymenoptera from 
the larvee of the Bud Moth. Dr. Riley says of them: “One of them 
proves to be a Pimpla near P. alboricta Cr., the main difference being 
in the color of the clypeus. It is not likely that it is an undescribed 
species and may prove to be one of the forms described by Provancher. 
The other is Wicrodus laticinctus Cr. Microdus laticinetus seems to 
be quite a common parasite, as Dr. Riley bred it from larve received 
from Canada in 1870, and again in 1879, at Washington, D. C. Prof. 
A. J. Cook says (An. Rept. Mich. Agr. Expt. Sta., 1891): “ We reared 
from the Bud Moth the parasite Microdus laticinctus, which is very 
common, and will surely do much to stay the ravages of this pest.” 

Besides these parasitic enemies, the Bud Moth has a predaceous 
insect foe in the form of one of the large wasps, Odynerus catskill- 
ensis. This wasp. builds mud nests or cells in angular places 
about houses. In eack cell. it deposits an egg and then goes on a 
foraging expedition to get food with which to store the cell. This 
food often consists of caterpillars, which are paralyzed but not 
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killed, by the wasp, and thus furnish a very delicious morsel for 
the grub when it hatches from the egg. In June, 1892, a cell of this 
wasp was found which contained six nearly full grown larve of the 
Bud Moth, and a smaller green larva. About the same time a corres- 
pondent wrote that he saw a wasp pick a brown larva out of a cluster 
of leaves on a quince tree; doubtless it was a Bud Moth larva. 

Not only is this pest attacked by foes among its own kind but the 
birds also seem to take a part in its destruction. Mr. J. Fletcher in 
his Report for 1885, quotes from Rev. J. R. Hart, of Bridgetown, N. 
S., as follows: “Two years ago our apple trees were attacked by a 
large number of brown grubs which ate the young leaves and fruit 
buds just as they were opening. I tried to watch them developing, 
but the birds so peti a gathered them up that I could find none 
coming to maturity.” 

Doubtless all of these foes aid Bonederaliby in keeping the pest in 
check, but it has now become so numerous and wide spread that its 
enemies are insufficient and the devices of man must be called into 
action, 


Metuops oF PREVENTING THE RAvaGES oF THIS PEsT. 


Previous to 1837, the principal method recommended to prevent the 
ravages of this pest was to hand-pick and destroy the nests contain- 
ing the larve or pup in the spring. The nests are rendered quite 
conspicuous at this time by the dead brown leaves in them. This of 
course is the surest method to prevent the further increase of the pest. 
But by the time the work of the larve has progress:d far enough to 
render its nest conspicuous, the insect has done its worst damage; the 
growth of the shoot has been checked, or if a fruit bud most of the 
flowers are destroyed. The most serious objection to this method, 
however, is that it is impracticable on a large scale. On a few small 
choice trees it could be done profitably. But the pest, must not be 
allowed to get such a foothold upon the developing foliage and blos- 
soms, Fruit growers can not afford to wait until after the developing 
and new growth are “nipped in the bud” before placing any obsta- 
cles in the way of the depredator, 

The principal aim and end had in view in all the observations made 
upon the pest here at the Insectory during the past two years has been 
to find just what obstacle could be used to check the insect before its 
most destructive period was reached; and especially at just what 
period the obstacle could be presented the most effectively. 

In the adult stage, as a moth, the pest does no damage to the fruit 
or trees. It feeds but little, if any, during its short lifetime of two or 
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three weeks. But if it could be destroyed before it had performed its 
mission of laying eggs to perpetuate the species it would be then worth 
while to try. The principal method recommended to destroy moths is 
by trapping them with lights. Perhaps many of the moths could 
be thus attracted by placing lights in an orchard, but it has been our 
experience that the number taken would not repay for the trouble; and 
besides most of them that were caught would be males. Thus it is not 
practicable to combat the pest while in the adult stage. 

The eggs laid in June and July are freely exposed upon the under 
surface of the leaves, and would seem to offer a good chance for the 
application of some insecticide. But what can one apply that would 
kill the egg and ‘not the leaf? In 1891 (Can. Ent., xxiii, 231) Dr. 
Jintner said he thought the egg could be killed by kerosene emul- 
sion, Our experience with the eggs of the Pear Psylla (Psylla pyri- 
cola) in 1892, and with those of the Apple Aphis (Aphis mali) in 
January, 1893, showing that eggs of some insects at least are almost 
impervious to any of the insecticides thus far employed — even undi- 
luted kerosene was of no avail. If an effective insecticide was found, 
it would be hard to get it upon the eggs as they are usually scattered 
about upon the underside of the leaves. No experiments have been 
tried to destroy the eggs of the Bud Moth; but in the present state of 
our knowledge of the efficacy of insecticides against the eggs of 
insects, it will not be practicable to try to combat the pest in this 
stage. 

Following the development of the insect, the next stage in its 
life history which presents itself is that of the young larva as it 
works upon the leaves in July and August. Preliminary obser- 
vations upon the pest while feeding at this time apparently 
exposed upon the leaves, had led us to hope that it might be easily 
checked by the application of an arsenical spray. Further detailed 
observations, however, showed that the Jarva feeds over but a small 
portion of the leaf usually upon the under side; and it not only 
spends most of its time in its tube, but when it does sally forth to feed, 
it is protected by a layer of silk which it spins and underneath which 
it works. Owing to the protection afforded by the tube and web, the 
larva could not be readily reached by any insecticide which kills by 
contact, as kerosene emulsion. The only chance then to reach the pest 
in this stage seems to be to get some poisonous insecticide upon the 
leaves just about the time the larvie are beginning their work; so that 
as they extend their feeding grounds they must get some of the poison. 
This will prove rather a difficult thing to do in practice for several 
reasons. The poison must be applied to the underside of the leaves. 


Tar Bup Morn. 49 


It will need two or three applications to catch the earliest and latest 
larve which emerge. And on early varieties it is not advisable to 


‘spray the trees within at least a month of the time for picking the fruit. 


Thus it would seem to be hardly profitable to spray in July and August 
for this pest alone. 

Undoubtedly some of the larve could be destroyed by the spray, 
using Paris Green at the rate of one pound to two hundred gallons of 
water, and if fruit growers are spraying for fungus diseases like the 
Apple Scab (Fusicladium dendriticum) or for a leaf eating insect like 
the Fall Web Worm (Hyphantria cunea), they should spray as late as 
July 15. And as Bordeaux Mixture, the fungicide most commonly 
used, can be readily combined with Paris Green without decreasing the 
effectiveness of either, it would be advisable and profitable under these 
conditions to spray the trees in July with this combination for fungi 
and the young larve of the Bud Moth. It would cost but little more, 
and the Paris Green could be used at the rate of one pound to one 
hundred and fifty gallons in connection with the lime in the Bordeaux 
Mixture. This plan is practicable and if given a fair trial we believe 
that it will so lessen the numbers of the pest that the application can 
be profitably made. 

In Massachusetts, according to the observations of Dr. Fernald already 
quoted, the young larve fall to the ground with the leaves. Therefore 
he says: “To destroy these caterpillars it is desirable to gather all the 
leaves from under the infested trees in the fall and burn them.” Other 
recent writers following Dr. Fernald, have advised the same treatment. 
Our observations here at the Insectary corroborated by those of Mr. 
Fletcher in Canada show that this gathering and burning of the leaves 
would be useless labor so far as combating the Bud Moth is concerned. 


- For the larve are not on the leaves when they fall, but are snugly 


hidden on the twigs where they will be right at hand when the buds 
open. Of course, the burning of the leaves and other rubbish in an 
orchard is desirable under any circumstances, for these harbor many 
other injurious insects, but one cannot hope to check in the least the 
ravages of the Bud Moth by this means. 

The next question which presents itself, as one follows the life history 


_ of the pest is, can it be reached under the silken covering on the twigs 


in the winter? No experiments have been tried here at the Insectary 
to reach the pest in thie stage. Mr. James Fletcher, however, in his 
Report as Entomologist to the Department of Agriculture of Canada 
for 1891, says: “Kerosene emulsion sprayed three times over trees, 
upon the twigs of which they were in winter quarters inside their silken 
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tubes, had no effect upon the larve, having failed apparently to pene- — 


trate through the silken covering.” And judging from the closely 


woven and comparatively thick covering over the larva, no insecticide 


that would. not injure the tree would penetrate the covering. Undi- 
luted kerosene might, but we have found that it severely injures the 
previous year’s growth on apple and peach trees. Thus there seems to 
be no hope of reaching the insect while it is in hibernation. 

Thus far in the discussion of the preventive methods which can be 
used against this pest, the conclusions reached have not been as encour- 
aging as we had hoped to be able to present when the study of the 
insect was begun. However, we have now reached that point in fol- 
lowing the life history of the pest where we confidently believe it can 
be easily and successfully combated. This point is where the little 
half grown larva comes from its winter quarters and begins feeding in 
the spring upon the opening buds. . We have only to manage it so that 
the little larva’s first meal in the spring will be.a poisonous one. This 
is the way the Codlin Moth is so successfully kept in check; the little 
larva which hatches in the blossom end of the developing apple finds a 
tiny bit of poison served up for its first meal by the deft hand of the 
spraying machine. In a similar manner, if one can manage to have a 
little poison on the opening buds when the larva of the Bud Moth 
appears, the little creature can be effectually destroyed before it can do 
much harm. This can be easily and cheaply accomplished by spraying 
the trees with an arsenite. 

When and with what shall we spray? Fruit growers usually do not 
begin to spray their trees until the blossoms have fallen. Recent 
investigations, however, have shown that the best results are obtained 
in fighting fungus diseases when the spraying is begun earlier. So 
that fruit growers are now being advised to spray their trees once or 
twice before the flowers open with a fungicide for the Apple Scab and 
other kindred fungus diseases. Again, if fruit growers wait until the 
blossoms have fallen —the time to spray for the Codlin Moth — before 
spraying with an arsenite, the Bud Moth will have done the greater 
part of its damage. Thus fruit growers must begin to spray earlier 
than usual both for fungus diseases and for insect pests. And as the 


insecticide can be combined with the fungicide and applied at the same — 


time, the extra expense of one or two sprayings before the blossoms 


open will be more than met by the extra vigor and growth of the tree 


and the increased numbers and selling qualities of the fruit. Experi- 
ments have shown that it pays to spray for the fungus diseases alone 
at this time, and we believe that this is the time when the Bud Moth 
can be the most easily, cheaply, and successfully combated. 


Tue Bup Morn. 51 


The Bordeaux Mixture* is the best fungicide to use in combination 
with the arsenite. And Paris Green seems to work better than the 


_ London Purple or White Arsenic with the mixture. The Paris Green 
-also has some fungicidal properties, and the effectiveness of either the 


insecticide or fungicide is not decreased by combining them. There- 
fore we would advise fruit growers to spray their trees with the 
Bordeaux Mixture and Paris Green combined, using the arsenite at the 
rate of one pound to two hundred gallons of the mixture. 

If one think that he can not afford to apply but one of the substances, 
use the Paris Green; for it is primarily an insecticide and also has 
considerable fungicidal properties, while the Berdeaux Mixture is 
purely a fungicide and practically useless as an insecticide. In case 
the Paris Green were used alone, it would not be advisable to use it 
stronger than one pound to two hundred and fifty or three hundred 
gallons of water, as it would probably injure the tender opening buds 
if stronger. The lime in the Bordeaux Mixture forms an insoluble 
compound with the injurious soluble arsenic in the Paris Green and 
thus allows a much larger quantity of the arsenite to be used in connec- 
tion with the mixture. It is not safe to mix the arsenites with a 
fungicide containing ammonia and no lime, as the ammonia dissolves 
the arsenic, thus making it very injurious to foliage. 

The time to spray will depend upon the climatic conditions and upon 
the variety of the tree. The first application should be made just as 
the buds are opening in the spring. In 1892, the buds upon early 
varieties began to open about April fifteenth, and the larve appeared 
soon afterward. On later varieties the buds were ten days later in 
opening. So that ordinarily the first spraying should be done about 
April fifteenth in this latitude. It will no doubt vary a week or ten 
days in different sections of the State. A gallon of the mixture will 


*To make the Bordeaux Mixture, dissolve six pounds of sulphate of copper 
in four or five gallons of hot water. Slake four pounds of quick lime in 
sufficient water to form a thin whitewash and strain this through a gunny 
sack (burlap) into the copper sulphate solution. Dilute to forty gallons with 
water, and the mixture is ready for use. When using it, it must be kept thor- 
oughly stirred to keep the lime in suspension. The preparation of the mixture 
in large quantities may be simplified by a test which obviates the necessity of 
weighing the lime. Keep the mixture thoroughly stirred when the thin white- 
wash of slaked lime is being poured through the burlap, and add from time to 
time a drop or two of the commercial potassium ferrocyanide to the mixture. 
If not enough lime has been added the drop of ferrocyanide will turn to a very 
dark color the moment it touches the mixture; when enough lime has been 
added, the ferrocyanide will not change color when it is dropped into the 
mixture. : : 
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spray a large tree at this time as there is but little foliage. A second 
spraying should be made about a week or ten days later or before the 
blossoms open. If these two applications be thoroughly made, we 
believe that the pest will be so greatly checked as to render any further 
spraying for it alone unnecessary. 

Do not spray when the trees are in bloom. If the trees are not 


sprayed when the buds are opening and the pest thus allowed to get a_ 


start, it may pay to spray the trees later, even when the larve 
are protected in their nests. Mr. J. Fletcher says (Rept. for 1891): 
“ Although !ike the Leaf-rollers they enclose themselves in cases made 

of leaves drawn together, they have to continually draw in fresh 
material, and I found last season that where an orchard was severely 
attacked at the same time by this insect, the Canker worm (Anisopterya 
pometaria,) the Lesser Apple Leaf Roller (Zeras malivoruna), and the 
Oblique-banded Leaf-roller (Cacaecia rosaceana), all were much 
reduced in numbers by a single spraying with Paris Green.” 

We have not had an opportunity to try any extensive experiments 
in spraying for this pest early in the spring. However, in the spring 
of 1892, four trees on which there were several larvee in hibernation 
were sprayed the first time April 15. Owing to frequent hard showers, 
it was almost impossible to keep any of the poison on the opening 
buds. By May 15, the trees had been sprayed five times, using one 
pound of Paris Green to from one hundred and fifty to two hundred 
gallons of water. This excessive spraying resulted in considerable 
injury to the leaves and flowers. But enough of the larve were killed 
to lead us to believe that in an ordinary season the treatment recom- 
mended above will prove sufficient to prevent the pest from doing 
serious damage. In spraying large trees it will be necessary to have 
one of the Barrel Spraying Machines. Use as fine aspray as possible. 

To summarize, it is not practicable to try to check this pest in either 
the adult or egg stages, or while it is in hibernation as a half. grown 
larva. Undoubtedly it can be checked somewhat by spraying in July 
when the larve are at work on the under side of the leaves.~ But the 
best time to combat the pest the most profitably and successfully is in 
spring when a little poison can be easily sprayed upon the opening 
buds; and thus the little larva, hungry from its long winter’s fast, will 
be quite certain to get the fatal dose at its first meal. 


MARK VERNON SLINGERLAND. 


Cornell University Agricultural Experiment Station. 
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Four New Types of Fruits. 


New types of fruits are nearly always misjudged. They are com- 
pared with the most similar type of well-known fruit, even though the 
two may be very unlike. It should be remembered that wholly new 
types of fruits are not to be measured by existing standards. They 
are not introduced, as arule, for the purpose of supplanting other fruits 
but with the intent that they shall add variety to our fruit-lists, and 
occupy places which are now vacant. If they fill an unsupplied 
demand or if they create a new demand, then they may be counted 

successful. It is often said of the Crandall currant, for instance, that 
_ it can never supplant the common currants and is therefore worthless. 
It is true that it can not compete with our present currants, but it may 
fill a place in the market or in the home demand which no other fruit 
fills; if so, it is worthy, and we shall grow it at the same time that we 
increase the plantations of red and white currants. The following new 
types must ultimately stand or fall upon their own intrinsic characters. 

It must also be said that new types of fruits and vegetables usually 
suffer from injudicious praise. Their merits are so much exaggerated | 
that great disappointment results when the varieties come to be known, 
even though they really possess commendable features. Catalogue 
descriptions are so often overdrawn and colored beyond the point of 
beliet, that they create a presumption against the novelty in question 
in the minds of intelligent persons. Novelties are often short-lived 
because of this disappointment which follows excessive praise; while if 
the same varieties had been introduced quietly and with candid 
descriptions, they might persist and eventually become acquisitions to 
our horticulture. Few fruits have suffered more from this unwise 
applause than the four which I am about to discuss, and I feel that I 
must create a wholly new basis of criticism before I can command the 
attention of careful men. 


Simon or Apricot PLuM.—PRuNUS Simonu.* 


Something like a dozen years ago, this fruit began to be talked 
‘about in North America, although it did not gain any notoriety until 


*Prunus Simonii, Carriére, Rev. Hort. xliv. 111 (1872). Persica Simonii, 
Decaisne, Fruit. du Museum, vii. 43 (1872-5). 
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six or seven years ago.* It had been introduced from France, where 
it was first described under its present name and with an admirable 
colored plate in 1872, by Carriére, in the Revue Horticole.. Ido not ~ 
_ know when the fruit reached Europe, but it could not have been 
introduced long prior to 1872. It was named for Eugene Simon, who 
sent pits to the Paris Museum while he was representing the French 
government in China. It is probably native to China, although Hems- 
ley, in his recent Flora of China, does not mention it; but this author 
evidently adopts Maximowicz’s opinion that it is indistinguishable from 
the nectarine and does not regard it worth distinct discussion. It was 
disseminated by Simon Brothers at Metz, in Alsace, and by Thibaut & 
Keteleer, at Sceaux, France. 

Prunus Simonti began to fruit in this country about 1885 or 1886. 
I fruited it in 1886. The fruit was also figured and described in 
The Rural New-Yorker in October, 1886. The fruit, which is shown 
about three-fourths size in the engraving, is flattened Jongitudinally, 
marked with a deep stem cavity and a very prominent suture, and is 
borne upon a very short stem. ‘The color is very intense and striking, 
being a glowing dark red slightly mottled with lighter shades. The 
flesh is yellow, hard, and clings tightly to the somewhat apricot-like pit. 
The flavor in all the specimens which I have tested is very disagreeable, 
being mawkish bitter, and leaving a pronounced bitter almond taste in 
the mouth. Ihave never tried a specimen which I could say was edible, 
and this is an unwilling confession because the fruit is exceedingly 
attractive to look upon. Other persons appear to have had pleasanter 
experience with these fruits for I occasionally read of favorable or at 
least only indifferent comments upon their quality. But it is certainly 
true that Prunus Simonii is not a delectable fruit in New York. It 
is said that this bitterness passes awav in cooking, although my expe- 
rience in this direction has not been reassuring. 

But there are other demerits in this plant besides its mawkish-bitter 
fruits. It is not a productive tree so far as I have observed, and I 
have seen it in many different plantations. It bears young, but the 


* The first record which I find of Prunus Simonii in America is a statement 
in Gardener’s Monthly in 1881 (Vol. xxiii, 314) that ‘‘under this name Pro- 
fessor Bessey has a peculiar peach-like species, which has been found quite 
hardy in the college grounds at Ames, Iowa.” Both Professor Bessey and Pro- 
fessor Budd disclaim having had the tree at Ames at that date. Professor 
Budd writes me: ‘I first saw the tree in bearing in the valley of the Moselle in 
1882. We introduced trees from Metz, Germany, in the spring of 1883. Its 
main defeat is its very early blossoming and the fragile character of the 
flower.” 

+See Amer. Gard. vii. 330. 
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fruiting is not profuse. Many of the fruits are borne upon spurs upon 
the old wood, and they are often found well down to the base of the 
leaf-bearing portions of the top. 

The two.transcendent merits of the fruit of Prunus Simonii are the 
very handsome shape and color, and its long keeping qualities conse- 
quent upon its hard flesh. Ripe fruits will ordinarily keep a week or 
ten days in good condition. And aside from these merits, the tree 
appears to be as hardy as the common plums. But it blooms early 
and is often caught by late frosts. Professor Budd recently speaks of 
it as follows in Iowa: “Fruit large to very large, red in color, and is 
shaped much like a smooth tomato. Its fault is in the way of too 
early blossoming. It will pay to grow this fine fruit by laying down 
in winter, as recommended for the peach. The tree is not fully hardy 
at Ames without winter protection.* 

The fruit of Prunus Simonii ripens with the early peaches. In New 
York it ripens about with the Early Rivers peach. The specimens 
which are shown in the accompanying engraving were ripe August 24th, 
1892. They grew upon heavy soil in western New York. The 
fruit often drops before it is fully ripe and it frequently rots on the 
tree. Although it is apparently less liable to attacks of curculio than 
peaches and pkims, it is not exempt from such injury, as it is often 
said to be. . 

Prunus Simonii is a wholy distinct species from any other stone 
fruit. It is not a hybrid between the plum and apricot, as some have 
supposed. Botanically, it probably belongs in the peach section of the 
genus Prunus, although it is more plum than peach in character of 
fruit and habit of tree. Maximowicz, a renowned. Russian botanist 
who has given much attention to the celestial floras, has saidt that it 
is identical with the nectarine, but he certainly could not have had a 
personal acquaintance with the plant. The flowers are shown upon the 
title page of this bulletin. The two sprigs at the right show the 
flowers as they appear in Maryland, being sessile and coming out some- | 
time ahead of the leaves. The left-hand sprigs show the stalked 
flowers opening with the starting of the leaves, as they appear in New 
York. The difference in behavior of flowers is di6erent latitudes has 
been mentioned in my plum bulletin (Bull. 38, pp. 22, 30, 31, 37) and 
it is now under investigation. Prunus Simonii grows well upon plum 
stocks, upon which it is probably oftenest worked in the north. It also 
takes upon the peach, and upon the Myrobalan and Marianna plums. 


*Exp. with New Orchard Fruits, etc., 23, in Bull. 19, lowa Exp. Sta. (1892). 
+ Bull. Acad. Sci. St. Petersburg, xi. 669 (1883), 
8 
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After some years of study of this fruit, I am forced to con- 
clude that it is worthless for orchard cultivation in New York.* 
It is possible that hybrids between this and the peach or other fruits 
may possess commercial merit. If hybrids could be obtained with the 
peach, they might be expected to be hardier than the peach. As an 
ornamental tree, Prunus Simonii has distinct merit, its erect poplar- 
like habit, interesting conduplicate leaves, early flowers and glowing 
fruits making it a conspicuous object. 


Wineserry.— Rusus Paa@nicowasivs.t 
In 1887, Professor C. C. Georgeson, traveling in Japan, sent seeds 
of this raspberry, collected from ‘wild bushes, to J. 'T. Lovett, Little 
Silver, N. J. In 1889, Mr. Lovett sold the resulting stock to John 
Lewis Childs who introduced the plant in 1890 as Japanese Wineberry.{ 
Professor Georgeson describes the wild berries as “of good size, firm 
and handsome.” ‘ When the sepals (or burr) first open the berry is 


*The Simon plum appears to be successful in California. The California 
Fruit Grower (Aug. 27, 1892) comments upon its ready sale in the east- 
ern markets and says it ‘‘ has taken a leading position throughout the season.”’ 
I. H. Thomas speaks of it in Wickson’s California Fruits (p. 844) as “‘large, 
six and a quarter to seven inches in circumference ; flesh firm, rich, sweet, 
aromatic, delicious, with marked pineapple and faint banana flavors.” I find 
reports of auction sales of California plums to run per box (20 lbs.) as follows: 


Chicago: July 2, 1892. Cherry plum, $2; Peach plum, $1.80 and $3.75; 
Simon, $5.50. 

July 8. Cherry plum, $1.80; Peach plum, $2.50 and $3.30; Duane Purple, 

$3; Simon, $5.75. 

July 12. Duane Purple, $2.05 and $2.65; Washington, $3.25; Cherry, $2.35; 

Peach, $1 and $3.15; Simon, $2 and $5. 
New York: July 2. St. Catharine, $3; Peach plum, $3.45; Royal Hative, $2.05 . 
and $2.55; St. Catharine, $2.65 and $2.70; Peach, $2.80 and $8.10; Simon 

» $4.90. 

July 5. Cherry plum, $1.10 and $1.15; Royal Hative, $2.05 and $2.55; St. 

Catharine, $2.65 and $2.70; Peach, $2.80 and $3.10; Simon, $4.90. 

July 9. Japan plums, $2.85 and $2.95; Duane Purple, $2.10 to $2.40; Peach, 

$2.30 and $2.60; Simon, $4. 

July 7. Cherry plum, $1.65 and $2.°0; Peach plum, $8.80 and $4.15; Simon, $5. 

Boston: July 2. St Catharine, $2.374 and $5; Royal Hative, $2.50 and $3.75; 
Cherry, $2.75; Simon, $7.25. 

Whether these remarkable sales are due to the mere novelty of the fruit and 
its taking appearance, or to its intrinsic merits, Iam unable to say. It is said 
that Prnnus Simonii loves a dry hot climate, and this may account for its good 
behavior in California. 

+ Rubus pheenicolasius, Maximowicz, Bull. Acad. Sci. St. Petersburg, viii. 
393 (1872). Bot. Mag. t. 6479 (1880). , 

tSee Amer. Gard. xii. 204 (1891). 
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white, but in two or three days it turns bright red, when it becomes 
sweet and delicious, with a flavor something between the common red 
raspberry and the black cap.” ‘It is not cultivated by the Japanese, 
but they gather the berries wherever found.” A berry which possesses 
such decided merits in a wild state may be expected to yield good 
varieties under cultivation, but one cannot expect that a miscellaneous 
batch of seedlings thrown upon the market will present uniform value. 
The current number of the Mayflower, published by John Lewis 
Childs, contains an unsigned article recommending propagation by seed 
as the best method of multiplying the Wineberry. Mr. Childs’ 1893 
catalogue contains the same advice, although it also says that the plant 
is propagated by means of “tips.” If the plant is inclined to be 
variable, this advice is unsafe for the propagation of the plant for fruit; 
and if the plant is not variable, it has little value for fruit judging 
from our experience. This Mayflower article says that “there is 
probably no small fruit so eminently desirable and satisfactory for the 
family garden as the Wineberry.”* The 1893 catalogue of Mr, Childs 
says that the Wineberry “is the most desirable, hardy and profitable 
small fruit for any climate or soil.” The flavor is “very sprightly, 
sweet and juicy, having no disagreeable sour, but a delicate and luscious 
flavor peculiar to itself, and superior to other berries.” “It is the most 
prolific berry known, the bushes being literally covered with its large 
clusters of luscious fruit which are very easily gathered. Owing to 
their novelty, superb flavor and great beauty they sell more readily 
and at far better prices than any other. berry.” 

The accompanying illustration is from a photograph three-fourths 
natural size made from the wineberry on our grounds last summer. 
The plants were received from Mr. Childs in 1890. The photograph 
was taken August 25, although the fruit began to ripen sometime 
before this date. The fruits were very small—-as raspberries go —— 
and the pips were so little connected that the fruit crumbled when 
picked. The fruit was cherry red, acrid, with little pronounced flavor. 
It had little either in size, appearance or quality to recommend it. 
Whether all wineberries are like ours, I do not know. It is to be 
expected that considerable variation will be found among them, if they 
are grown from seeds, as I have already suggested. 

H. E. Van Deman, United States Pomologist, reports as follows 
upon wineberry fruits received from Harper’s Ferry, W. Va.: “ Berry 
round, drupes small, deep red, glossy; seeds small, smooth, easily 
crushed; a handsome berry of medium size and fairly firm; flavor 
subacid, somewhat sprightly, pleasant. More ornamental than useful.” 


"* Mayflower, ix. 81. 


\ 
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_ The plant has aroused considerable comment in England and a portrait 
of it was given in the Gardeners’ Chronicle, September 18, 1886; but 
it is always recommended as an ornamental plant, and never for fruit, 
so far as I have seen. 

If our wineberry gives little promise for fruit, the plants never- 
theless possess decided merit for certain kinds of ornamental planting. 
The bristly red canes and rich leaves with felt-white color beneath, 
render the plant very striking; and the bright little fruits remind one 
of fragile coral beads sprinkled over the plant. These fruits are at 
first enclosed in the burr-like calyx, and this covering is thought to 
afford the plants a distinct value in keeping insects from the fruit. 
“ The hairy, viscous calyx, which covers the berry till it is full grown, 
effectually repels all insects,” Professor Georgeson writes. This may — 
be true; but if the fruit were to develop to the point of commercial 
usefulness, burrowing insects would undoubtedly find this dense calyx 
to be an excellent protection from outside attacks. The plant is about 
as hardy as the common raspberries here, although it failed to endure 
the winter at Kew, England (near London).* 

This interesting plant was first clearly described in 1872, by the 
Russian botanist, Maximowicz. He reported it as growing in Yezo 
and Nippon, Japan. A plant of it was sent to Kew in 1875, from the 
Jardin des Plantes, Paris, and from this Sir J. D. Hooker described 
the species, with an illustration, in the Botanical Magazine, in 1880. 
Hooker characterized it as “a singularly handsome bramble,” and said 
that the fruit, “‘ though eatable,-is mawkish.” It was early introduced 
into this country under its proper name of Rubus pheenicolasius (the 
specific name meaning “purple-red hairy”), and was sold by EIl- 
wanger & Barry in 1881. I also received seeds of it from the 
orient four or five years ago. P. J. Berckmans, President of the 
American Pomological Society, speaking of the wineberry as having 
been figured in 1877, adds that it “ was known in Holland for a gener- 
ation before, and cultivated simply as a curiosity in many gardens, the 
fruit being devoid of any value. Still the new comer may be a form 
of the well-known sort with better fruit, and if so I will watch it 
with some interest, as I had known it for nearly fifty years.” ¢ I have 
grown the plants sold by Ellwanger & Barry by the side of the Wine- 

berry from Childs, and they are both Rubus phownicolasius. EK. S. 
Carman has been able to cross this plant with “both the blackberry 
and the rose.” { 

* W. Watson in Garden and Forest, v. 66 (1892). 


+ Quoted in American Gardening, xiv. 246 (Apr. 1893). 
¢ Proc. 6th Conv. Soc. Am, Fl. 92 (1890). 
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_ Although I find no fruit with commercial value in our wineberry 
plants, I am nevertheless ready to believe that the species may eventu- 
ally give us fruit of considerale value; but for the present I should 
class it among the ornamentals rather than among the fruits. 


CRANDALL Currant.— Rises AUREUM.* 
The Crandall currant was named for R. W. Crandall, of Newton, 
Kansas, who found it growing wild. It was introduced in the spring 


Good and poor types of the Crandall Currant. 


of 1888, by Frank Ford & Son, Ravenna, Ohio. We bought 50 
plants of Mr. Ford in 1888, and set them in a continuous row upon 
high gravelly soil. I have given close attention to the plant since that ° 
time and have made two or three reports upon it.t 

This type or species of currant undoubtedly has great promise as the 
‘parent of a new and valuable race of small fruit. The Crandall, how- 
ever, is too variable to be reliable. I early noticed that comparatively , 
few of our plants produce abundantly of large fruits, while many of 
them bear fruits little larger than occasional plants of the common flow- 
ering currant, to which species the Crandall belongs. When the crop 


* Ribes aureum, Pursh, Fl. Am. Sept. 164 (1814). R, fragrans, Loddiges, 
Bot. Cat. t. 1533. | 

+ See Amer. Gard. x. 309 (1889). Bull. xv. Cornell Exp. Sta. 207 (1889). 
Annals of Horticulture for 1891, 52. 


62 AgricuLturaL Experiment Station, Irnaoa, N. Y. 


was at its height last year (July 26, 1892) I made a record of the size 
of fruit upon each plant, classifying it into three categories — poor, 
fairly good and good. The poor fruit was such as appeared to be little 
larger than the fruit of the flowering currant, or such as is shown — 
five-eighths natural size— in the lower spray in the engraving, and it 


ran from five-eighths to three-fourths inch in diameter. The fairly _ 


good fruits were those of intermediate size. In order to show that soil 
did not cause these differences, I transfer the consecutive record of the 
plants beginning with the end of the row: 


CED TE  SONnR A SAS aoe re Saha cils each eae Neneh ory. S Setuy tes Walls ta vie sane Rheem 


or 
= 


| 


Twenty-seven poor; eleven fairly good; twelve good. 

Only a dozen plants, or less than a fourth of the whole number, could 
be called profitable. There is every reason to expect that if cuttings 
were taken from these plants alone, the Crandall currant would soon 
rise in popular estimation. At its best, the Crandall has decided merits, 
The fruits are large and handsome, firm, of good culinary quality, and 
the plant is thrifty, hardy and productive. The fruits are borne in very’ 
short and open clusters, to be sure, but they are not picked by the 
cluster like the red and white currants, but singly like the gooseberries. 
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To some people the flavor of the fruit is disagreeable and it has been 
called a medicinal flavor; but there are others — the writer included — 
who are fond of them, even to eat from the hand. In pies and jellies 
we have found them to be useful. It is not to be expected, of course, 


Flowers of Crandall Currant (Half Size). 


that these fruits will find a ready market, because consumers are not 
acquainted with them; but if the stock were more uniform, I think that 
the Crandall could be recommended as a good fruit for home consump- 
tion. There are undoubtedly possibilities before this type of currant, 
and for this reason, if for no other, the introduction of the Crandall has 


been fortunate. The plant grows readily from seeds, and we now have 


several hundred seedlings. 
The Crandall so far has been free from attacks of the currant worm, 


although our plants grow in a general currant and gooseberry planta- 


tion in which the worms are common. It has been seriously attacked 
by the spot disease of the leaves, however (Septoria ribis), especially 
late in the season when the crop is nearly off and from that time until 
the leaves drop. The leaves develop many brownish spots of a circular 
outline and which are an eighth of an inch or more across. As the 
tissue in these spots dies, the portion becomes more or less translucent. 
Finally the whole leaf yellows and drops. If the attack should be seri- 
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ous upon young leaves, they never attain their full growth. This dis- 
ease has been successfully treated by Professor Pammel with sprays of 
Bordeaux mixture and ammoniacal carbonate of copper.* 


Ribcs aureum, to which species the Crandall belongs, is native to a 


large area from Missouri and Arkansas westward. It has long been 
cultivated in yards for the long sweet yellow flowers, which are shown 
half size in the engraving. It is also sold by some nurserymen as Ribes 
Sragrans. 


DWARF JUNEBERRY.— AMELANCHIER CANADENSIS 
VAR. OBLONGIFOLIA.+ 


Two or three forms of this interesting little food have been intro- 


duced to cultivation within the past few years, of which the best 
known is the variety called Success. This variety was brought to 
notice by H. E. VanDeman, United States Pomologist, who found the 
plants growing in a garden in Kansas in 1873.{ The variety was 


_ named and put upon the market about 1878 by Mr. VanDeman. We 


procured 200 plants in the spring of 1888, and these have now given 
us three good crops. The plants have never been headed in but they 
do not stand more than three or four feet high at the present time, and 
they are upon strong soil. They were set three feet apart and the 


_ sprouts are now beginning to fill the row. 


The fruit ripens here with the early currants and lasts nearly as long 
as the currants. Last year, the last fruits were picked July 18. The 
accompanying picture shows a good cluster, full size. The berries 


‘ closely resemble huckleberries, as well in flavor as in appearance. They 


are more juicy and palatable than huckleberries, however. The plants 
are exceedingly productive and hardy. Professor Alwood, of the Vir- 
ginia Experiment Station writes in the Southern Planter: § “The fruit 
which is now, June 16th, just ripening, is nearly as large as ordinary 
smooth peas, and has a pleasant sweet taste, accompanied by a not 


* See Bull. 18, Iowa Exp. Sta. 

t Amelanchier Canadensis var. oblongifolia, Torrey and Gray, Fl, N. Am. i. 
473 (1888). A. Canadensis var. obovalis. Sargent, Silva N. Am. iy. 128 
(1892)? This dwarf Juneberry is undoubtedly a distinct species from A. 
Canadensis. 

¢{ See Annals Hort. for 1891, 51, for a fuller history . 

§ Southern Planter, liii. 400 (July, 1892). 
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easily described but pleasant aroma. In quality it is, to my taste, 


superior to the huckleberry, and ranks well with the strawberry. I 
venture to predict that this fruit will become very popular, and fill a 
real need for a first-class small fruit, ripening just at the close of a 


strawberry season.” Professor Alwood reaffirms this opinion in a 


Success Juneberry. (Natural size.) 


recent bulletin.* I subscribe to the above encomium. The fruit: is 
excellent whether eaten from the hand, dried in sugar, or otherwise 
prepared. 

There is one serious difficulty in the cultivation of this fruit, however, 
which we have not been able to overcome —the incursions of the 
robins. There is no fruit on our plantation which is so irresistible to 
the birds as this, and nothing short of actual shooting will keep them 
away. The only way in which we can save a single fruit is to cover 
the branch with mosquito netting and tie or sew it on securely, and 
even then the birds often steal the fruit. It has ben suggested that if 


fe * Bull. 22, Va. Exp. Sta. ,4109. 
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we had an acre of Juneberries, there would be enough fruit for the 
birds and ourselves, too ; but the robins of the whole country-side seem 


Flowers of Success Juneberry. (Half size.) q 
to know our Juneberry patch, and if we had more berries the only ; 
result would be, I fear, that. we should have more robins.* But the 
birds bear me out in the statement that the Juneberries are good! 

This dwarf Juneberry or service-berry grows wild over a large part 
of the northern states, always remaining a low bush so far as I have 
observed it. The natural variations of the Juneberry are perplexing, and 
this variety is no exception to the rule. But I am convinced that these 
dwarf forms are specifically distinct from the common tree-like June- 
berry or Shad-bush (Amelanchier Canadensis). We are not yet 
ready to report upon other cultivated varieties of Juneberry, but the 
Success is an acquisition if the birds can be induced to avoid it. 


L. H. BAILEY. 


* Professor Budd writes as follows upon this point in a recent number of 
Rural Life (Feb. 16, 1898, p. 12): ‘‘ The great drawback to the culture in a 
small way of the Dwarf Juneberry is the special fondness of the birds for the 
fruit. In plantations of an acre or more the fruit taken by the birds is hardly 
missed, but it is difficult to secure a perfect specimen from a half dozen or a 
dozen plants unless they are covered. In the near future the tanned bird- 
netting for covering such fruits as the Juneberry and cherry, which we now _ 
are compelled to import, will be manufactured in our country. The inquiries 
we now have lead us to hope that the manufacture will be commenced the ° 
coming year.” This material can be had of George Robinson, Rye, Sussex, 
England, and can be delivered in America for about three cents per yard. 
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Bulletins of Cornell University Agricultural Experiment 
Station, 1888 to 1892, inclusive. — 


No. 1, Experimental Dairy House; No. 2, Feeding Lambs for Fat 
and Lean; No. 3, Insectary of Cornell University, Wireworms, Plum 
Curculio; No. 4, Growing Corn for Fodder and Ensilage; No. 5, Lean 
Meat in Mature Animals, Heating Milk before Setting; No. 6, Fod- 
ders and Feeding Stuffs; No. 7, Influences Affecting Sprouting of 
Seeds; No. 8, Different Rations for Fattening Lambs; No. 9, Windbreaks 
in their Relation to Fruit Growing; No. 10, Tomatoes; No. 11, Saw Fly 
Borer in Wheat; No. 12, Apparatus for Drying in Hydrogen and 
Extracting Fat; No. 13, Leaching of Farm Yard Manure, Grain for 


- Cows at Pasture; No. 14, Strawberry Leaf Blight; No. 15, Sundry 


Investigations of 1889; No. 16, Growing Corn for Fodder and Ensil- 
age; No. 17, Cochran’s Method for Testing Milk; No. 18, Experience 
in Spraying; No. 19, Condition of Fruit Growing in Western New 


: York; No. 20, Cream Raising by Dilution; No. 21, Tomatoes; No. 22, 


Grain for Cows at Pasture; No. 23, Insects Injurious to Fruit; No. 24, 
Clover Rust; No. 25, Sundry Investigations of 1890; No. 26, Egg 
Plants; No. 27, Farm Manures; No. 28, Forcing Tomatoes; No. 29, 
Cream Raising by Dilution; No. 30, Influence of Electric Light on 
Greenhouse Plants; No. 31, Forcing English Cucumbers; No. 32, 
Tomatoes; No. 33, Wireworms; No. 34, Dewberries; No. 35, Combi- 
nation of Fungicides and Insecticides; No. 36, Grain for Cows at Pas- 
ture; No. 37, Sundry Investigations of 1891; No. 38, Native Plums 
and Cherries; No. 39, Creaming and Aerating Milk; No. 40, Remoy- 
ing Tassels from Corn; No. 41, Steam and Hot Water for Heating 
Green Houses; No. 42, Electro-Horticulture; No. 43, Trouble of Win- 
ter Tomatoes; No. 44, Pear Tree Psylla; No. 45, Tomatoes; No. 46, 
Mulberries; No. 47, Feeding Lambs and Pigs; No. 48, Spraying Apple 


Orchards; No. 49, Sundry Investigations of 1892. 


Of these numbers, 2, 4, 5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 19, 
28, 25, 26, 27, 29, 32, 33, 34, 35, 36, 37, are out of print; the remainder 
will be sent to any desiring them. 
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Cost of Milk Production --Variation in Indi- 
vidual Cows. 


So much has been said of late in Farmers’ Institutes, in the Agricul- 
tural Press and in the Bulletins and Reports of Agricultural Experiment 
Stations, in regard to the yield of milk and butter that may be obtained 
from cows, and in regard to the improvement of herds, that it has 
seemed well to undertake a record which should if possible show not 
only what a fairly good herd can be made to produce, but what such 
production costs in dollars and cents and in the amount of dry matter 
consumed. In regard to these last two items there is comparatively 
little data at present accessible. Most of the large records that have 
been reported by our enterprising breeders of thoroughbred stock have 
not been accompanied with any statement of the amount or cost of the 
material consumed to produce these records. Some of our Experiment 
Stations have made reports of experiments covering these points, but 
in general they have been made with a few animals and covering a 
comparatively short period of time. In view of the general interest 
in these matters it has seemed to us worth while to keep a record as 
exact as might be not only of the milk and butter production, but of 
the amount and cost of the food consumed as well. Consequently, 
beginning January 15, 1892, and ending January 14, 1893, a record of 
the amound fed and the amount produced by each individual cow in 
the University herd has been kept. The food was weighed separately 
for each cow at each feeding and charged to the animal consuming it. 
The milk was weighed at each milking and credited to the animal pro- 
ducing it. Once each week a sample of an equal amount of night’s 
and morning’s milk was taken from each cow. The fat in these sam- 
ples of mixed milk was determined by Dr. Babcock’s centrifugal 
method, and this percentage multiplied by the number of pounds of 
milk given during the week was taken to represent the number of 
pounds of fat produced during that week. The University herd during 
the time of the experiment contained twenty cows. It has been 
developed from the ordinary stock of the neighborhood by the use of 
thoroughbred bulls and a rigid selection of the best heifer calves. 
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This course of breeding was established by Professor Roberts in-1875, 
and has been continued ever since. The year previous the yield of the 
cows upon the farm had been a little more than 3,000 pounds per cow. 
The descendants of these same cows, as will be seen in detail a little 
later on, produced in 1892 more than 7,000 pounds per cow. Special 
animals were not selected for this experiment; every cow in the herd 
without exception was taken. It was thought that by doing this, 
average results of more value would be obtained than though most of 
the better individuals were selected for the special purpose and a few 
of the poorer ones discarded. 

In the table following (Table I) is given the pounds of milk and fat 
produced by each cow during the entire year and also the age of the 


cow at the beginning of the experiment. A large number of the cows ~ 


were young; four were three-year-olds and four heifers with their first 
calves ; three of the latter were under two years old at the beginning of 
the earns: Four of the cows were not bred upon the farm and 


their ages were not definitely known, except that they were more than . 


seven years old at the time of the beginning of the experiment. The 
column for age is left blank in the case of these cows. Two of these 
cows, Shadow and Sue, were of the common or mixed stock of the 
neighborhood and evidently carried considerable Short Horn blood. 
They were not bred and were sold for beef in the fall of 1892, so that 
their year extends from October 15, 1891, to October 14, 1892, in the 
case of Shadow, and from November 20, 1891, to November 19, 1892, 
in the case of Sue, instead of from January 15, 1892, to January 
14, 1893, as in the case of all the others. No accidents or sickness 
interrupted the experiment ‘with one exception; the cow May 
was farrow at the beginning of the experiment, having then 
been in milk more than a year. She dropped a heifer calf on 
November 20th and did very nicely, giving a large flow of milk 
till December 26th, when she was attacked with a violent chill 
followed by a fever and almost complete loss of appetite. She 
dried up rapidly and was removed from the experiment on Jan- 
uary fifth. Inasmuch as the experiment was so nearly elosed it was 
not thought worth while to take account of this and her record simply 
lacks the nine days of a complete year. 
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Taste [— Toraut Yieup In ONE YEAR. 


cow. Age. Milk. Butter fat. 
Years. Months. Pounds. Pounds, 

PSA UUCNNG ates iu: o's oho, opal eel age cal Da eh ee oe 8,028.50 391.62 
AREY ECO. FE La fd So celeno esac etiam 5 4 9,739.75 309.19 
BEL eu Nessie!) sale eee eres wo 5 ye WA ts 233.638 
REWENTOR Sak Uie. Cs Sak Peneiare el aisles 1 9 6,008.50 219.34 
2 SE UR EA CO CoE ea BA Ea 6,214.50 326.68 
Daisy . 10 2,829.75 159.02 
Freddie 4 | 11,165.00 417.97 
Gazelle See! 5,670.50 285.10 
Gem Valentine BEERS 8,387). 75 197.33 
ia Wi, as aes ty aie eee 8e| 6,323.50 924.71 
Glista 2d 9 5,136.00 160.79 
e/a) 1p, DOM Gs A a a 5 5,785.75 294.30 
RRs Sieincn oe ae 4 5,458.50 195.31 
Milita yee kN Soh hr 4 7,757.25 260.34 
TMM har ctctaraaneaie ao 'lic thw, 6 10a 4 9,003.25 299.07 
Bae Auk Mal tennhy Tie te nual 4 9,776.50 330.59 
FTE aN ae aI NB a a 3 | 10,417.00 302.93 
PEIED IVR s lah A che 4 7,955.00 282.35 
Shadow SOE Ea 8,655.50 382 sam 
Berar re haan hi lkte eh rats bee on 10,754.00 439.37 

PE Gee Ae hectares ast haar tev acres ai ai are by 114,809.75 5,712 41 

FAVOUR the std b Aw mio it ae ae aie aly aot "| 7,240.50 285 .62 


It will be seen that the average yield of milk was 7,240 pounds per 
cow and the average yield of fat 285 pounds, but it will be also seen 
that these averages are the averages of wide variations. 

The least yield of milk was by Daisy, not quite 3,000 pounds; 
the largest by Freddie, something over 11,000 pounds, nearly four 
times as much. Similar variations are seen in the yield of fat 
and as to be expected the largest yields of fat were not in all 
cases from the cows giving the most milk though attention is 
called to the fact that the cow giving the largest yield of fat, 439 
pounds, was second in milk production, 10,754 pounds, and the cow 
giving the largest yield of milk, 11,165 pounds, was second in fat pro- 
dnetion, 418 pounds. In tables II, III and IV are giving in detail for 
each month the total yield of milk, the average per cent of fat in the 
milk, and the total yield of fat. In these Tables and in all the follow- 
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Fie. 1.— Sue, First in Fat, Second in Milk. 


Fie. 2.— Puss, Third in Milk. 


‘Fria. 3.— Freddie, First in Milk, Second in Fat.) | i 


: Fic. 4.— Beauty, Third in Fat. 
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ing discussions we have based our figures upon the actual fat produced 
by the cow as determined by the Babcock Test and not upon the 
amount of .butter that such fat might be expected to make. We have 
done this because we believe it to more accurately measure the pro- 
ducing powers of the different cows. But since butter has to many a 
more significance than fat, we have made the following calculations: 

The average yield of fat per cow was 285.62 lbs. If all this fat had 
been made into butter that contained 80 per cent of fat * we should 
have had a butter yield of 357 lbs. per cow. The best cow gave 
439.37 lbs. of fat. On the same basis this would be equivalent to 549 
pounds of butter. 

But not all the fat can be made into butter, some is unavoidably lost 
in the skim-milk and in the butter-milk. Assuming that four-fifths of 
all the milk would be skim-milk and that it would contain .25 of one 
per cent of fat and that three-fourths of the cream would be butter- 
milk and it should contain .5 of one per cent of fat, we should lose in 
this way 398.23 lbs. of fat or 19.91 lbs. per cow, equivalent to 24.9 
pounds of butter. This subtracted from 357 would leave the average 
yield of butter per cow 332 pounds after making due allowance for the 
losses in. skim-milk and butter-milk. 

The cows in general are fresh in the months of September and 
October of each year. In table No. V are shown the dates.at which 
calves were dropped both before and during the experiment and also 
the number of days that each cow was actually milked from January 
15, 1891, to January 14, 1893. It will be seen that one cow, May, was 
farrow at the time of the beginning of the experiment, that two others, 
Carrie and Jennie, went farrow during the experiment, and that Shadow 
and Sue were not bred. The general plan of treatment of the Univer- 
sity herd is that the cows shall be milked ten months in the year, going 


_ dry about eight weeks before calving. On referring to the last column 


of table V it will be seen that this is very nearly practically carried 
out, and that the average number of days of milking was 304; almost 
exactly ten months. 


* This is the standard adopted by the judges of the Dairy Test at the World’s 
Columbiav. Exposition. 
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TasLE V— Datss or CALVING. 


Days in milk 

cow. Dropped calf before or in| Dropped calf during or at pbetween Jan. 

early part of experiment. close of experiment. 15, 1892, and 

Jan, 14, 1892 

Beauty .7......% January 15,1992 | November 9, 1893 304 
LE Ba October 2, 1891 | September 26, 1892 295 
Bertha. sv. September 16, 1891 | October 7, 1892 273 
ARTIC) oS esa October 28,1891 |*(August 8, 1893) 366 
OLE a a January 16, 1892 | December 31, 1892 278 
i221 ae aaa September 20, 1891 | September 22, 1892 287 
Freddie ....... October 6, 1891 | September 15, 1892 309 
SEA] Ce ae February 8, 1892 | December 1, 1892 288 
Gem Valentine.| March 21, 1892 |*(January 26, 1893) 252 
CETTE Se ee September 21, 1891 | October 9, 1892 324 
Glista 2d.....- September 29, 1891 | November 21, 1892 316 
Jennie ........ March 5, 1892 |*(September 7, 1893) 311 
UA oleae sntihisiaton (December 27, 1890)| November 20, 1892 257 
MIO) 0) 85» September 25, 1891 | September 10, 1892 298 
Seal aoc 2 ot September 1, 1891 | September 16, 1892 292 
MOE RE wee eras ao March 2, 1892 |*(April 16, 1893) 285 
ess fis 3% ....| December 10, 1891 |*(February 2, 1893) 317 
BRTEDY os oe. 5/n's = September 11, 1891 | November 14, 1892 302 
Shadow ...... October 12,1891 | Not bred...... Se 352 
Sy Ae re November 16, 1891 | Not bred......... 366 
Average number of days in milk.................... 304 


The cows were weighed on the 15th of each month, except in a 
few cases where dry cows were at pasture and away from the barn. 
They were weighed in every case in the morning after milking and 
feeding and before watering. The weights of each cow each month 
are shown in table VI and also the average for the year. 

It will be seen that the herd as a whole maintained about an even 
degree of flesh, only a few of the younger cows making a material 
increase in weight during the year. It will also be seen that the size 
of the cows varied considerably and that very few were under 1,000 
pounds in average weight, so that the herd as a whole was made up of 
large cows. 

It was the aim to feed a ration that would be eaten up fairly 
clean by all the cows. The foods used during the winter were 
hay, ensilage, roots, wheat bran, cotton-seed meal and corn meal. 
Only very slight variations were made from this list of foods. In 
the summer the cows had pasture of good quality and a grain 


* Due to calve. 
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ration, for the most of the time, of wheat bran and cotton-seed meal 
supplemented with soiling crops when the pastures become dry. 

The hay used was clover hay of a fair quality grown upon a wheat 
stubble and having a considerable proportion of volunteer wheat mixed 
with it, which was not readily eaten by the cows. The silage was made 
from Pride of the North corn grown in hills having a fair crop of ears. 
It was well preserved and of good quality. The roots used were 
almost wholly Mangel Wurtzels of medium size and good quality. 
The grain ration in January, February, March and April, 1892, was 
made up of a mixture of 300 pounds of bran, 200 pounds of cotton- 
seed meal and 60 pounds of corn meal. The corn silage crop of 1892 
had considerable more grain than that of 1891, consequently, in 
November and December, 1892, and the first half of January, 1893, 
the corn meal was left out of the grain ration and three parts of bran, 
aud two parts of cotton-seed meal were fed. During the time the 
cows were at pasture the grain ration was made up of three parts 
bran and one part cotton-seed meal. The daily winter ration was as 


follows: 
For the larger cows. For the smaller cows. 
15 pounds hay 10 Ibs. hay. 
50 to 55 Ibs. silage. 40 to 44 lbs. silage. 
10 lbs. roots. 10 lbs. roots. 
8 lbs. grain. 8 lbs. grain. 


} 
‘he only exceptions made to this were that Freddie and Puss, dur- 


ing January, February and March, 1892, had ten pounds of grain. 


instead of eight. The summer grain ration was four pounds per cow 
except during the month of June, when one-half of the cows received 
no grain whatever. The cows while dry were fed no grain at all, the 
remainder of the ration being unchanged. In the latter part of the 
summer, particularly in the months of August and October, the past- 
ures became very short and were supplemented in August with second 
growth clover, cut and carried to the cows, and in October with corn 


stalks. These were in every case weighed and charged to the cows _ 


consuming them. In making up the cost of the food consumed the 
following scale of prices were used, based as far as possible upon the 
market prices in Ithaca: 


PAL V2 wis o> siorcsavanessteth wie. aft te ald ayaune Ngheeth S\\ reef $9 00 per ton. 
BA RMIARD s)s\ajahessie sie s/h, Hiebete a e.uins Xie rohes slater Jeled fas AL WORD eRebO ne 
Roots ....... ajar arare Rian yte tea beige eile eter ma OI we .+e. 2 00 per ton. 
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PV GM OPEED ON cc's cic nla tama we ates chews biis'e atecelwle's 18 00 per ton. 
TEM EAS 14 Piha tie aly ay a laden eld lata Waberahd 35 per bushel. 
Cotton-seed meal.......... Net Heinen etal ay eae A 25 00 per ton. 
NMEREPENCAT Vinee siein/'so cre ele ia } & die als noses gave ele oa) e wid 20 00 per ton. 
Porn ctalks ssh, vAs oa).t ee i eR I 3 00 per ton. 
Grass, cut and carried to cows...... LR eA ae 1 75 per ton. 
Pasture, exclusive of grain and silage crops ....... 30 per week. 


It was somewhat difficult to estimate the value of the cornstalks and 
the second growth clover used for soiling, since the materials, particu- 
larly the cornstalks, varied widely in the amount of water contained in 
them. But as fair an estimate as could be made seemed to be the 
figures given. In order to estimate with some degree of accuracy the 
proper charge to be made for pasture, the following letter was sent to 
representative farmers in thirteen counties in those parts of the State 
where dairying is a leading industry: 

“ Dear Sir.— Will you please tell me what you consider a fair esti- 
mate per week of the cost of pasturing a cow in milk during the 
whole season; not what people in villages pay for a cow or so, but 
what it costs dairymen keeping cows in large herds. Please base your 
estimates upon your own county.” 

To this thirteen replies were received from the counties of Broome, 
Cattaraugus, Chautauqua, Chemung, Cortland, Delaware, Dutchess, 
Lewis, Montgomery, Oneida, Orange, St. Lawrence and Tompkins. 
The average of the whole was 33 cents per week. Three of the 
replies were above 45 cents; eight between 25 and 35 cents, and two 
were below 25 cents. A discussion of the matter, by the various mem- 
bers of the Station Staff, had already decided upon 380 cents as a fair 
price, and that price had been used as the value of the pasture. The 
cows were charged with pasturage from May 9th to November 
1st. During November they were turned in the pasture on pleasant 
days and ate more or less grass; but as they were on full winter 
rations, both of grain and coarse fodder during the month, it was not 
thought best to make any charge for the small amount of frosted 
grass they might have eaten. 

In Table VII is given the cost of the food consumed be each 
animal; the total number of pounds of milk and fat produced and the 
cost of a hundred pounds of milk and one pound of fat for each indi- 
vidual and the average for the whole. The average cost of food con- 
sumed was $45.25; the highest for any one cow was $53.38 for the 
cow Shadow; the lowest, $36.24, for Gem Valentine. The average 

1 


82 AGRICULTURAL Exprr:menT Sratton, Irmaca, N. Y. 


Taste VII—Cosr or Foon, Mitx anp Far. 


Cost of food 


Cost of Cost of 
cow. during the Poproduced. | 100, Prunds | rato oduged, [ome, ound 
BABA: 2) o<5 $44 24 8,028.50 | $0.55 | 391.62 | $0.115 
(54212 ee 47 65 9,739.75 .49 | 309.19 155 
ertha, es. 42 00 4,743.25 .89 | 283.63 18 
@arrie <2...) 2... 49 07 6,008.50 .82 | 219.34 225 
Corayet ers: 38 74 6,214.50 .62 | 326.68 12 
Dairy, i226 2a: 41 24 2,829.75 1.48 | 159.02 26 
Freddie ....... 52 06 | 11,165.00 AR |S 417 97 125 
Gazelle ....... 39 96 5,670.50 .70 | 285.10 14 
Gem Valentine. 36 24 35387 70 1.07 197.388 .185 
lista). e 08 46 51 6,323.50 .74 | (994.71 2) 
Glista 2d...... 43 80 5,136.00 .85 | 160.79 27 
Weniierc. oo)... 43 66 5,785.75 .75 | 394.30 15 
Cee 44 34 5,458.50 SBE uk OR 23d 225 
Mollie!) ). ..: 45 98 1,757.25 .59 | 260.34 175 
Paarl f580 1. 2 47 44 9,003.25 .53 | 299.07 16 
TL eae ae 43 12 9,776.50 .44 | 330.59 .13 
Baasys Mics ox. 47 87 | 10,417.00 .46 | 302.93 16 
aby 2355 sas 48 63 7,955.00 .61 | 282.35 ay 
Shadow ....... 53 38 8,655.50 .62 | 382.77 14 
STL a age 49 08 | 10,754.00 .46 | 439.37 A 
Motalsici $905 01 | 144,809.75 5,712.41 
Average .. 45 25 7,240.50 | $0.625| 285.62 | $0.158 


cost of 100 pounds of milk was almost exactly 624 cents; the highest 
for any one cow being $1.48 for Daisy; the lowest 44 cents for Pet. 
If we consider milk to be worth $1.00 per hundred weight at the 
barn two of the cows produced milk at a loss, Daisy and Gem Valen- 
tine. The average cost of butter fat was 15.8 cents; the highest 27 
cents for Glista 2d; the lowest 11 cents for Sue. If we should con- 
sider fat to be worth 30 cents per pound, which is a little more than 
an equivalent of 25 cents a pound for butter, we should have no cows 
that produced fat at a loss for food consumed. 

Of course, in making comparisons of cows in this way it is neces- 
sary that the individual history of the cows be taken into account. 
For instance, in our herd two cows, Daisy and Glista 2d, were 
under comparatively unfavorable conditions; because of an accident 
they had dropped their calves when about eighteen months old and 
after having run in a back pasture where they were overlooked until 


eae 


~ 
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they had been seriously Ged by the horn fly. They were retained 
in the herd for another year, and one of them, Daisy, showed marked 
improvement. The other, Glista 2d, did not, and, therefore, has already 
been sent to the butcher, while Daisy is retained for still further devel- 
opment. ‘This is mentioned simply to show the principles upon which 
we base our selections. In the same way the cow May was under 
unfavorable conditions as she had already been milked more than a 
year when the experiment started, and in this year had given more 
than 13,000 pounds of milk, and it was not to be expected that in the 
second year she would do as well. On the other hand the cow Pet 
was fresh in March and in full flow of milk during the time that the 
pasture was at its best. Her cost of milk and fat in comparison with 
others of her age and weight is therefore probably quite a little reduced. 
But after taking into account : 


eo . 
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these individual variations the larger number of the animals may be 
fairly judged by their records as made. For instance, Bertha produced 
milk at $.85 a hundred weight and fat at $.18 per pound; her twin 
sister, Jennie, under the same conditions produced milk at $.75 a hun- 
dred weight and fat at $.15 per pound. Both of them were surpassed 
by Beauty and Cora, cows of like age and breeding, and so the com- 
parison of others might be made. A single one is perhaps striking 
enough to merit attention. Glista and Belva are cows in outward 
appearance very similar and of nearly the same age and weight; Glista 
required seventy-four cents worth of food to make 100 pounds of milk, 
Belva forty-nine; nearly 50 per cent less. Belva produced a pound of 
fat for fifteen and one-half cents, Glista for twenty-one cents; consid- 
erably more than one-third more. It is also of interest to note the 
varying cost of milk and fat in the different months of the year. This 
is shown in detail in Tables VIII and IX. 

In Table VII the cost of milk is obtained by dividing the total cost 
of food for the year by the total number of pounds produced during 
the year. In tables VIII and IX the cost per month is obtained by 
dividing the value of the food consumed in any given month by the 
amount of milk and fat produced in that month and the figures are 
therefore relatively lower because the amount consumed in the months 
when the cows were dry or partially dry is not taken into account, and 
figures are given only in the months where the cows were milked dur- 
ing the whole month. These tables show what might have been 
expected, that milk produced upon pasture is produced at a lower cost 
for food or that it costs more to produce milk on dry food in the winter 
than in the summer on pasture, and in this case the larger number of 
cows were fresh in the winter. But some other generalizations of interest 
may be drawn from these tables. It will be seen that the highest cost 
both for milk and fat was in the months of March and April, the lowest 
in June. It will be seen too that in the month of August the cost was 
higher than in either July or September. November also was a month 
jn which the cost was relatively high. We have found that in the 
three months of April, August and November we have the greatest diffi- 
culty in getting a satisfactory return for the amount of food used. The 
cost of individual cows is also worthy of notice. It will be seen that 
one cow, Pet, produced milk for eleven cents per hundred weight in 
June, and that two cows, Cora and Pet, produced fat for three and a 
half cents per pound in the same month, and it will be seen a little 
further on that in this month these cows had nothing but pasture. 
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Asa sort of side issue a study was made of the effect of a grain 
ration upon the cost of production of milk and fat. The study was 
made during the month of June in this way. The cows were first 
turned to pasture on May ninth; the winter grain ration of eight pounds 
per day was reduced to the summer ration of four pounds per day on 
May twenty-six; on June third the cows were divided into two lots, 
evenly mated as nearly as possible in regard to the yield of milk, age, size, 
time of calving, etc. One lot received no grain during the remainder 
of the month of June; the other lot continued to receive the customary 
allowance of four pounds. 


TasLE X.—Errect oF GRAIN WITH PastuRE ON Cost oF MILE. 


FEp GRAIN IN JUNE. FED No GRAIN IN JUNE. 
cost of 100 PouNDS 6 Be cost oF 100 PouNDS r) a4 
cow. iat 858 cow. MILK. 858 
ee 5 $a he 
Ma June 38 fi M J 38 B 

y- 28 | ay une. ).25 4 
Beauty .-..2.. $0.49 1$0.31 | 58 | Belva .:..... $0.48 |$0.17 | 182 
arrie’... cas « 215 .46 | 63 Bertha. oat 1.10 .38 | 189 
Kreddie ...\%; .48 S27 278) “Cora he oe 52 .18 | 189 
Gem Valentine.) .80 40.21 Gn li Dalsyn ye deni 1.80 | .59 | 205 
PPOTIMICL ee dls .62 .388 | 63 | Gazelle...... 62 .22 | 182 
LC ees POM kde le cA EMER | RISED. Ae 3 tecee's .68 | .24 | 183 
Motie 3.0248. b4 .389 | 50 | Glista 2d .... STHe .28 | 168 
| ea 40 | .24 | 67 | Bear \s.5 2 tee 54 .24 | 125 
Ruby tae ESS: 220> PaSa eto oles b «00 o Lit, 200: 
Shadow ...... .65 | 39 | Gi wr OUeLey aie he .48 .16 | 200 
Mveragert FRI iu. si. 67 Average, J9 Si sak SNE et 182 
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Taste XI.— Errect or GRAIN WITH -PASTURE ON CosT oF Fart. 


Frp GRAIN IN JUNE. FED No GRAIN IN JUNE. 
cost oF 100 PouNDS 6 Sue cost oF 100 POUNDS S aH 
cow. OF FAT. 85 g Cow. OF FAT. 65 $ 

2 Sp Spe 
M a3 es B38 
ay. June 28 | May June 2s | 
Beauty ....... $0.10 |$0.065| 54 | Belva ......./$0.155/$0.06 | 158 
Carrie aj iee ey a TOS). 195166. 1 Bertha ky. oo .075| 180 
Pre dae 52's). te 07D 60") Cora. one, .095) .035}) 171 
Gem Valentine.| .14 | .085; 65 | Daisy........ 28.7). 10.) 180 

Wenmie 65a: 4 5125 .085| 47 | Gazelle...... 115 05° 1\180% 

May SNES AeA er .23 a 64 Glistaaa SS .185| .065| 185 
Molly Somaya see ieKs 15 .09 | 67 | Glista 2d .... 24 .085| 182 
1 cer See ane . 155 20911728) 4 Pearh coe sar 155 065! 138 
Ruby Bi Siben Ske ST BSN OO ae: 74d oeet i vo ate ees t .10 035] 186 
SHACOW?S «sie '<i .16 1 O5| G21 PG hey co ees 105 045| 133 
EMVETAGE atic esc ale engie are « 62 Averipes 3H. . eater aew es 164 


In tables X and XI is shown the relative cost of milk and fat in the 
two months of May and June. The cost of milk and fat was largely 
reduced in the month of June with all the cows, but the reduction was 
nearly three times as much with the lot that received no grain, and by 
a study of the column in tables X and XI showing the percentage of 
reduction in cost of milk and butter in June, it will be seen that the 
percentage of reduction was fairly uniform with all the cows in each 
lot. The percentage of reduction was quite as much with those pro- 
ducing a small amount of milk as with those producing a large amount 
of milk. In no case was the reduction in cost in a cow having grain 
as large as in a cow having no grain, and the average reduction for the 
lot having no grain was nearly three times as much as for those having 
grain. In general the milk was reduced in cost in June more than the 
fat, but this difference is not very marked. With the grain-fed lot 
the cost of milk was sixty-seven per cent, and the cost of fat sixty- 
two per cent less in June than in May; with the lot receiving no grain 
the cost of the milk was 182 per cent and the cost of the fat 164 per cent 
less in June than in May. It should be borne in mind that this reduc- 
tion was effected in cows that were none of them fresh in milk and 
most of them well advanced in the period of lactation; it is interesting 
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also to note that the four pounds of grain ration per day cost just as 
much as the pasture at thirty cents per week; in other words the addi- 
tion of a grain ration doubled the cost of keeping the cows for that 
month. 

In regard to the dry matter consumed, it was found impracticable to 
make any estimate of the dry matter consumed in the pasture, so that 
the figures of the dry matter consumed are based upon what the 
animals ate during the months of winter feeding, namely, November, 
December, January, February, March and April, and are given in 
Table XII. The percentages of dry matter in the various foods were 
taken from Jenkin’s and Winton’s Compilation of Analyses of Ameri- 
can Feeding Stuffs (U. S. Dept. Agr., Experiment Station Bulletin No. 
11) and are as follows: 


dry sabes 

REVUES ct ni Gatfia ol iene a Kiet gin «Sid /t ee hataht nat aha gw efor 88.63 
MERINO Sahu sie he cn spain! ¥aeseis Aimish spel & case 9 IAGO oe Pal deste 20.90 
WePeMI RE EM He Sofia. W Vae STS wip ie ane teed hte ah pha bya On aRAtaS Me tos a Bla oor 9.10 
ayemeat-bran soe. oo ee le Si otaiiesaopieis faide @e ie ai season qe Go am eto 88.10 
LUSTER IB Ab Ea a AED aaa Nom ig BLE TGR Bs Se Sy DUT nS peneiod Coe 85.00 
Cotton-seed meal............ ara SOR aan Wart elabomy ater chagal os 91.80 
POPU MCS MGM ED cSt ole Wein cera ten tnd iba tye Saxe @ wataA em Aas he 59.90 
MDa aphasia cor salts oilers wick Sr G 6 5.0 arg Wee OS Re whe ad Rig 89.00 


In this table and in the averages computed from it those months 
have been omitted in which the cow was dry for the whole or part of 
the time, and the figures therefore relate only to the milk given and 
the food consumed during the time that the milk was given without 
reference to the food consumed when the animal was dry. 
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Taste XIL— Consumretion or Dry Marrer 1x WintTER Montus. 


cow. Nov. | Dec. | 1 723g [1332 g2/ Feb, |March.| April. | Total  — 
Beauty ORS R Sa Maan 724 309 411 | 748*| 800 |! 767 | $754 
SNE Sc en oe 838 973 434 533 | 867 967 | 910 |} 55123. 
pertien Ss Ss 664 724 309 440 | 743 | 800 | 767 | 4447 
LO are 767 752 323 439 | 743 | S00 767 | 4591 
SOS Spe SEAS PRE Oe BRR 6655 ap Se 752 | 800 | 767 | 2319 
RY. s... . oe 557 721 309 440 | 743 | 800 | 767 | 4387 
Freddie ....... 828 13 434 569 | 973 |1094 | 922 | 5733 
2 ES | ONS Sgt Sees eae g eee 687 SOS. tes sel see & 800 | 767 | 3568 
Pareow mbenitane. Fo oo’ is dead SNE come Reg keene tile tals eke 767 767 
OS Se ae 769 864 401 440 | 743 | 800 | 767 | 4784 
Glista, en is acta acon 752 323 440 | 743 | 800 | 767 | 3835> 
NE so 681 724 SOS | oa. See 767 | 2481 
May Af tin Mik nialee | «Selene 807 [s.. 533 | 921 | 968 | 910 | 4189 
oo) A ES 767 S64 401 440 | 748 | 800 | 767 | 4782 
, Se eee 767 864 401 533 | 921 | 967 | 910 | 5868 
Sere SS a d.c 6 oT Bee wood SI Owe 898 | 911 | 2636 
MIE Se bias cs Bh ccs wd actcclewlaee 569 | 973 |1024 | 942 | 3508 
Ruby BAAR Sect ata eee 864 401 525 ; 911 , 968 | 910 | 4579 =~ 
Shadow ....... sis) ke ee ee *970 | 921 | 969 | 910 ! 5569 
oS eee | *se7 | #889 |... *g99 | 844 | 896 | 999 | 4990 


The averages of Table XII are summed up in Table XIII which 
gives the number of pounds of dry matter consumed fer each pound 
of milk and fat yielded and also the pounds of dry matter consumed 
per 1,000 pounds live weight per day. The average number of 
pounds of dry matter required for 100 pounds of milk was 104. ~ 
Freddie required the least, 81 pounds, Daisy the most, 249 pounds. 
The average number of pounds of dry matter required for 1 pound of 
fat was 27. Cora and Beauty required the least, 17 pounds; Glista 2d 
the most, 47 pounds. The average number of pounds of dry matter) 
consumed per 1,000 pounds live weight per day was 24.7. The stand- 
ard for milch cows as given by Armsby (Manual of Cattle Feeding, p. 
432) is 24. The larger cows required less per 1,000 pounds live weight 
and the smaller cows more than the standard. Eleven cows, whose 
average weight was 1,004 pounds, ate more than 24 pounds of dry 
matter per 1,000 pounds live weight per day; 9 cows, whose average 
weight was 1,267 pounds, ate less than 24 pounds of dry matter per 
1,000 pounds live weight per day, the extremes being 20.7 for Glista 
and 30.8 for Gem Valentine. 


* Figures for these two cows are for November and December, 1891, and the whole of January, 
1882. ; 
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Heretofore no mention has been made of the breed of the various 
cows as it was preferred to discuss all the questions bearing upon age, 
weight, etc., before taking up a discussion of the breed. Of the 20 
cows 9 were grade Holsteins; 2 thoroughbred Holsteins; 6 grade 
Jerseys; 1 thoroughbred Jersey, and 2 common grade cows bearing 
evidence of having considerable Short Horn blood. The cows are 
grouped below: 

Holsteins and Holstein Grades. 
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The percentage of blood in the Jersey grades is not definitely known 
because the foundation of the Jersey part of the herd was secured by 
purchasing some graded Jerseys that were known to be at least 
three-fourths bred, thus making their descendants at least seven- 
eighth bred. 

In Table XIV we have grouped together the cows according to 
their rank in milk and butter production, and according to their 
rank in the cost of milk and butter production, prefixing the 
name of each animal with the letter belonging to its breed. It will be 
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seen that the Short Horn grades, particularly Sue, compared very 
favorably with the other breeds both in the amount and cost of pro- 
duction, but it is only fair to state that these two cows were the only 
two out of twenty of like breeding purchased at different times that it 
was thought advisable to keep in the herd for more than one year. It 
should also be stated in regard to them that they were farrow, and 
therefore undoubtedly continued to give a larger flow of milk for a 
longer time than though they had been due to drop calves again as the 
others did. As between the Jerseys and Holsteins it will be seen that 
they are pretty well sandwiched together as to relative rank. The Hol- 
steins as a rule are better in the matter of the production of milk both 
as to amount and to cost, and the Jerseys stand better in regard to the 
production of fat both as to amount and cost; the order rank of the first 
ten being as follows: 


TasLeE XIV.— RevaTivE Ranks. 


Relative rank in : Relative rank in 
Relative rank in Fi Relative rank in 
RANK. SE ee pro- cost of fat. amo oem pro- Gontiat alk: 


Met WOUUE. mete Sys 60s Si Sueur is H. Freddie ...| H. Pet. 

9 | H. Freddie...| J. Beauty....| S. Sue ....... 8S. Sue. 

3 | J. Beauty ....| J. Cora...... H. Puss......) H. Puss. 

4 | 8S. Shadow WF eddie...) A. Ret..92%% H. Freddie: 

Do MEE. VE Ob esac see By Pega. ise EL 'Belwas 03: H. Belva. 

Ge "COVA. uias a. S. Shadow H. Pearl H. Pearl. 

WA) A Belvais wei: J. Gazelle....| S. Shadow J. Beauty. 

SNORE SUSE Si 4-0 0's J. Jennie J. Beauty H. Mollie. 

Nid eG ce 4 H. Belva..... Ee Up ya. se H. Ruby. 
10 | J. Jennie..... OE a ae H. Mollie ....! S. Shadow. 
td S Gazelle 3.6.) Ee Pearls. fc. H. Glista..... J. Cora. 

Leb Ee, Buby... He Buby) ;, 42. ai J. Cora ci i. J. Gazelle. 
138 | H. Mollie ....| H. Mollie H. Carrie ....| H. Glista. 

14) | J. Bertha... .| J. Bertha ....| J. Jennie... .. J. Jennie. 

15) Glista yh 24'S Gem Val: !.) S."Gazelle.). 2.) H. May: 

16| H. Carrie ....| H. Glista..... Ae: Mayes vial. H. Carrie. 

17 | J. Gem Val ..| H. Carrie ....)' H. Glista 2d...) H. Glista 2d. 
1 Os A CL a Se Mays oc oh J. Bertha ....| J. Bertha. 
19 | H. Glista 2d..) J. Daisy ..... J. Gem Val...| J. Gem Val. 
20 | J. Daisy ..... H. Glista 2d..| J. Daisy ..... J. Daisy. 


In cost of fat, a grade Short Horn first, then two Jerseys followed 
by two Holsteins, next the other grade Short Horn, followed by two 
Jerseys and then by two Holsteins. 
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In cost of milk, a grade Holstein first followed by a grade Short — 
Horn, then four more grade Holsteins followed by a grade Jersey, then 
two grade Holsteins followed by the other grade Short Horn. 

In Table XV the averages of the different groups and of the whole 
are shown. As between the Jerseys and Holsteins, the Jerseys were ~ 
kept at a cost of about $6.00 per year or thirteen per cent less; they 
gave a little more than five-eighths as much milk and almost as much 
fat asthe Holsteins; and produced the fat at a cost of two cents per 
pound less and the milk at twenty cents per hundred weight more than — 
the Holsteins. The two grade Short Horns ate the most food, gave 
the most milk and fat, and produced milk and fat at the lowest cost, 
but for the reasons already shown they can not be considered as types 
of the common grade cows of the country; they simply illustrate the 


TABLE XV.— Averacess BY BREED GROUPS FOR THE YEAR, 


Cost of food | Pounds of Pounds of | Cost of 100 | Cost of one 


ee fat ¢ro- pounds of | pound of 
consumed. | milk given. duced” milk, fat. 


7 ae 
Two grade Short Horns) $51.23 | 9,705 | 411.07 | $0.53 $0.125- 
Seven grade Jerseys..| 40.87 | 5,237 | 269.67 78 by 


Eleven grade Holsteins} 46.95 | 8,067 | 272.96 .58 Lt 


Average of all ...| $45.25 ri | 36808 $0.625 | $0.158 


fact that has often already been noticed that among such cows are to 
be found here and there individuals that will respond to good care and 
improved feeding in a most remarkable way. 

In order to give the reader some idea of the general appearance of 
the cows we have had plates prepared from photographs of four of the 
best. At figure one is shown Sue, a grade Short Horn; she produced 
the most fat and next to the largest amount of milk. At figure three 
is shown Freddie, a grade Holstein; she gave the largest amount of 
milk and the second largest amount of fat. At figure two is shown 
Puss, also a grade Holstein, third in milk production, and at figure four 
Beauty, a grade Jersey, third in fat production. It is rather a remark- 
able coincidence that Puss and Beauty, respectively, ranked eighth in 
fat and milk production. These figures illustrate very nicely the fact 
that the scale and the fat tester are immeasurably in advance of any 
outward indication of the producing powers of a cow. Particularly is 
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this shown in the cases of Freddie and Puss. Visitors, and indeed the 
men about the stable, almost invariably esteem Puss a better cow than 
Freddie; but the scale and fat tester have shown us that while Puss is 
not far below in milk, she is a long distance below Freddie in fat, 
Attention is also called to figure one. The position seems to be an 
- unnatural and distorted one, but it is extremely life-like. This cow 
invariably stood in this cramped sort of a position and gave very little 
outward indication of her good producing powers. 


SuMMARY. 


Our records of this herd for the year seem to us to warrant the fol- 
lowing conclusions: 

First. With a fairly good herd, carefully fed and kept, milk can be 
produced for sixty-five cents per hundred weight and fat for sixteen 
cents per pound for the cost of food consumed. 

Second. That individuals of the same breed vary more widely in milk 
and butter production than do the breeds themselves. 

Third. The larger animals consumed less pounds of dry matter per 
1,000 pounds live weight per day than did the smaller animals. 

Fourth. That in general the best yields of fat were obtained from 
cows that gave at least a fairly large flow of milk, particularly as seen 
in the cows Sue, Freddie and Beauty. 

Fifth. In genera:, the cows consuming the most food produced both 
milk and fat at the lowest rate. 

Sixth. For the production of milk and fat there is no food so cheap 
as good pasture grass. 


Fertilizers. 


A great number of letters of inquiry have been received at this office 
regarding the value and application of farm and commercial manures; 
as to their application for special purposes and also for some informa- 
tion regarding their profitable use on the various soils for the ordi- 
nary field crops. These letters not only show the interest the farmers 
of this State take in the questions of fertility and the appreciation of 
the importance of supplying plant food in some form but also a desire 
to become better informed as to the economical and profitable applica- 
tion of the plant food contained in the various farm manures or that 
purchased in the form of commercial fertilizers. An effort to explain 
some of the questions most frequently asked and to save the task of 
answering so many personal letters is the object of this short article. 

Before we can make satisfactory comparisons of fertilizers, even 
though we have correct chemical analyses, it is necessary to adopt some 
uniform price for the various fertilizing constituents found in farm and 
commercial manures. The prices generally adopted for these purposes 
are those decided upon annually by experiment station chemists of cer- 
tain New England and Middle States. The average prices that these 
ingredients were sold for at retail in our larger cities for the previous 
six months determine the prices adopted for the year. The following 
is a list of prices for 1892. These will not differ materially from the 
prices for 1893: 


FErrrTivizERS — TRADE VALUE FOR 1892. 


LTOm@en IN: AMMONIALEK: 25 a4) aivoa5 98 wasn areca vce Le ee lame 
DG RIOR HO TIUG TAGES 6)! «ain a. ote Wiel o * tins lg Mince gh aynane aaa RecN heat 15 
Organic nitrogen in dry and fine ground fish, meat and blood.. .16 
Organic nitrogen in cottonseed meal and castor pomace........ 15 
Organic nitrogen in fine ground bone and tankage........... rigs Y 
Organic nitrogen in fine ground medium bone and tankage... ee 
Organic nitrogen in medium bone and tankage............... .095 
Organic nitrogen in coarser bone and tankage.... ...... sek eee 
Organic nitrogen in hair, horn, shavings and coarse fish scrape.. .07 
(Phosphoric acid soluble:in water, (57s +leis\s< viens se! ove ayy aime ane 075 
Phosphoric acid soluble in ammonia citrate (reverted)......... 07 


Phosphoric acid in dry ground fish, fine bone and tankage ..... .07 


keene 
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Phosphoric acid in fine medium bone and tankage ...........-. $.055 
Phosphoric acid in medium bone and tankage........... ‘ated 045 
Phosphoric acid in coarser bone and tankage..............+.- 038 
Phosphoric acid insoluble in complete fertilizers.............. 02 
Potash as high grade sulphate and in forms free from muriates 
PER GEUUGT LOR ea ee UC j ela ele esol eas ga 996: nia hathate ee yaie Sins efs vem ssh ae 055 
Potash as kainit...... mabe That els cSuby etisalat a Asati sh cha’ 8) de aha Ate aldn, a OC O a 045 
epee et MPS oy fuk ON hs cps vi ailsdet atasd’ alolauaietecpleypayara(p idle. abla oie ge 045 


Following is given the guaranteed analyses of a brand of fertilizer 
sold in this State to which the foregoing prices will be applied to ascer- 
tain the value of the plant food contained in this particular brand: | 


GUARANTEED ANALYSES. 


PRGURONIA hate ae.tc c's, asp sa Sia ainkahesavareyate se rale Maa bai 1 to 2 per cent 
Soluble phosphoric acid -.............s nce eee ees 8 to 10 per cent 
Reverted phosphoric atid.... 2... ..0.. 6052-08 eee: 2to 8 per cent 
Available phosphoric acid ....... ee ee eee tr 10 to 12 per cent 
Insoluble phosphoric acid. ........0.86 een cele sees 1 to 8 per cent 
Total phosphoric acid..... eae re ha seamen ey be 11 to 15 per cent 
Prverptia hes OL POLAR. ya, ofa"! acta) ene joysye-e. ajo #29) afe) qasjepeitie 2to 4 per cent ’ 


Of these constituents, the nitrogen contained in the ammonia, the 
soluble, reverted and insoluble phosphoric acid, together with the 
potash, constitute the valuable plant food. As these constituents in 
analyses are given in per cent or by the hundred the number of pounds 
of each constituent in a ton may be ascertained by multiplying the per 
cent. by 20. 

Ammonia is +4 nitrogen. 

Sulphate of potash is 44 actual potash. 

The following is an application of the prices given to the foregoing 
guaranteéd analysis. The lowest per cent guaranteed is always taken 
for computation: © 
Ammonia 1 per cent. x 20 x 14 divided by 17 gives 16.47 lbs. 


of nitrogen in one ton; 16.47 multiplied by 16 cents gives.. $2 64 
Soluble phosphoric acid 8 per cent. x 20 x 7} cents per lb. 
PAYNE er Nelle at 9ANL cts Zo at Aye (Parla nip! ah cuetere MMC oka nl ie hale a 12 00 
Reverted phosphoric acid 2 per cent. x 20 x 7 cents per lb 
PEM Mee crepe tia s Syuke an Nes «car aa aaetahatehe felts fal n Vara a Savi Marae 2 80 
Insoluble phosphoric acid 1 per cent. x 20 x 2 cents per lb. 
URN ehe taal coal Stel cha Selig x oysignf 20a, ate AeA engin ae 9 oni Samy Sta ia a 40 
Sulphate of potash 2 per cent. x 20 x 47 divided by 87 and 
multiplied by 44 cents per lb, gives........-...--seeeees 97 
Total value per ton iui as ake ee re $18 81 
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To this amount should be added something for freight, mixing and 
commissions. 

The application of these prices is intended to afford a means for 
comparing the value of plant food. derived from different sources 
rather than the produeing value of any particular brand of commercial 
fertilizers. 

In a general way the following rules may be of some aid in apply- 
ing plant food under ordinary conditions: 

Reclaimed lowland rich in vegetable matter is likely to be rich in 
nitrogen but deficient in phosphoric acid. 

Well drained highland, particularly on exposed locations, is more 
likely to be deficient in nitrogen than phosphoric acid. 

Where crops have made a small growth of leaf or stalk, under other- 
wise favorable conditions, 1itrogen is likely to be deficient in the soil. 

A large yield of plump, bright grain from a small or moderate 
growth of straw or stalks would indicate an abundance of phosphoric — 
acid and potash and a deficient amount of nitrogen. 

An abnormal growth of leaf or stalk with a small yield of light 
grain would indicate an abundance of nitrogen and an insufticient 
amount of phosphoric acid and potash. 

As a rule, plants having the greatest leaf development require the 
most potash. 

Farm manures that have been well cared for contain about twice as 
much nitrogen as phosphoric acid, and consequently land that has 
received recent liberal applications of barn manures is not likely to be 
deficient in nitrogen, | 

High’ grade fertilizers generally give more plant food for their cost 
than those of low grade. 

_ Pure sodium nitrate (Chili saltpetre) in 100 lbs. contain 16.5 lbs. of 
nitrogen. 

Pure ammonium sulphate in 100 lbs. contains’ 21.2 Ibs. of nitrogen. 

Pure chloride or muriate of potash in 100 Ibs. contains 63.5 lbs. of 
actual potash. 

Pure sulphate of potash in 100 Ibs. contains 54 Ibs. of actual potash. 

Kainit should contain in 100 Ibs, about 12.5 lbs. of potash. 

The best results from sodium nitrate are secured by frequent appli- 
cations of small amounts on the growing crop as a top dressing. 


GEORGE C. WATSON, 
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(Edema of the Tomato. 


During the latter part of October, 1892, tomato plants, of a variety 
No. 18, grown in the forcing houses of the Horticultural Department, 
presented a very peculiar appearance. The plants were at some little 
distance from the main passage way in the tomato house through 
which I occasionally passed. For this reason, and also because no 
complaint was entered by the growers, the trouble escaped my notice. 
The plants presented to me the appearance of having been recently 
transplanted, many of the compound leaves having a curved pendent 
position, though the leaflets were usually curved strongly upward, 
showing the lighter color of the under surface. It was suggested at 
that time that this peculiar position of the leaf and curl of the leaflets 
was a peculiarity of the variety. Upon each of the several following 
visits to the forcing house, at intervals of four to six days, the peculiar 
appearance of these plants fastened my attention for a few minutes. 
Upon one visit I had occasion to pass the bench upon which they were 
growing, and I could not resist the impulse to look more closely at 
the character of the curled leaf. 

It was at once apparent that this peculiar appearance was not nor- 
mal to the plant. The veinlets as well as the midrib, petioles, and the 
surface of the stem presented numerous elevated areas of a frosty 
aspect as shown in figures 1 and 2,in Plate I. Their resemblance to 
the masses of conidia formed in the early stages of some of the 
Erysiphece was very striking. Examined with a pocket lens a mass 
of minute rounded bodies could be seen which still bore resemblance 
to conidia of the powdery mildews. The rounded particles possessed 
a gleaming aspect and did not lie so loosely nor appear in chains as is 
the case with these mildews. A little further observation showed that 
great injury to the plant followed in the latter phases of the trouble. 

It was quite natural before recourse to a microscopic examination to 
attribute the mildewed aspect of the leaves and the dying of the 
leaves in the later stages to the operation of some fungus. But a 
section through one of these areas revealed under the microscope a 
very different state of things. The affected areas had the appearance 
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of a cushion similar to an erinoid or hypertrophied condition of the 
tissue. The epidermal cells were very much enlarged while the 


chlorophyll bearing cells just beneath as well as some of the more ‘ 


deeply seated cells were greatly elongated in a radial direction, and 
strongly clavate at their outer extremity where this extended beyond 
the lateral pressure from adjacent tissue. In many cases the epidermal 
cells quickly separate and slough off. The cells of the affected areas 
possess exceedingly delicate walls so that with little disturbance they 
would collapse. There was little protoplasm in proportion to the size 
of the cell and a corresponding amount of cell sap. 

Several of the notable phenomena coincident with the development 
of these cushions of abnormally turgescent tissue are explained by 
this peculiar physical derangement of the normal cell structure. The 
frosted or whitened aspect of the cushions results from the small 
amount of chlorophyll in proportion to the leaf surface. The amount 
of chlorophyll in the individual cell remains the same while the grains 
are far separated in their distribution throughout the greatly enlarged 
cell. The curling upward of the leaves results from the greater 
lateral pressure which exists in the cells of the lower surface of the 
veins. 

A comparison of the normal tissues with that of the cushions will 
serve to show the profound changes accompanying their development. 
From serial sections made through several of these cushions on the 
leaf veins two sections were selected from one series to illustrate the 
changes in this part of the leaf. Camera lucida drawings were made 
from these two sections magnified to the same scale. One of these 
represented in figure 4 was taken from the leaf vein just before the 
series of sections entered the cushion and practically represents the 
normal arrangement and form of the cells of the leaf vein. Figure 
5 represents one of the serial sections of the same leaf vein, the section 
having been taken from the center of the cushion. Each end of the sec- 
tion at a represents relatively the normal condition of the cells of the 
leaf. The line of epidermal cells, e, e, is still adhering for some 
distance, but at the summit of the cushion they have fallen away. 
A comparison with the normal epidermal cells shows how much 
they have been enlarged. The sub epidermal cells have undergone 
the most profound change, being eight to ten times their normal size. 
Some of the deeper lying cells have also elong..ted radially, while others 
have become abnormally enlarged. It will be observed that the disten- 
tion of the cells has not only profoundly changed their normal form, 
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but the crowding one upon another has displaced many others. A 
study of the series of sections from such a cushion, as well as the study 
of one in an early stage of development, shows that the epidermal cells 
nearly always first partake of the radial elongation. These are followed 
by the sub-epidermal layer and so on. 

Serial sections through the cushions on the stem were also made. 
Three from a series through quite a young cushion on the stem are 
reproduced by camera lucida drawings in figures 9, 10 and 11. 

Figure 9 represents a section taken from the edge of the cushion and 
shows the early stage in the elongation of a few epidermal cells. In 
this section is also shown a peculiarity in the early elongation of some 
of the more deeply seated cells. A few of the cells of the collenchyma 
have elongated radially before those lying immediately outside of them 
have changed their form. This rarely occurs, and by the time the sec- 
tions approach the center of the cushion the successional changes of the 
layers of cells from the outside exists in the usual manner. It is to be 
noted in connection with the elongation of the cells of the collenchyma, 
that while such thick-angled tissue offers support to the stem, little more 
resistance is offered to the radial elongation of the cells by this tissue 
than by parenchyma. The lateral walls being thin permit the cell 
membrane to be stretched. Figure 11 is one of the series from the 
center of this very young cushion. Figure 12 is from an older cushion 
on a much older part of the stem of the same variety. Here many of 
the epidermal cells have sloughed off and others are nearly free. The 
hypodermal layer, chlorophyll bearing layer, is remarkably elongated, 
while the first layer of the collenchyma is also changed. In the older 
cushions the radial elongation effects also deeper layers of the collen- 
chyma, sometimes two or three layers. Usually by the time such 


changes occur to any marked degree in the deeper layers, the sub-epi-- 


dermal portion of the cushion is in a state of collapse. This effect is 
partially shown in figures 13 and 15. 

On the leaves of some plants there frequently is very little evidence 
to the unaided eye of the presence of these cushions. But here and 
there, upon close examination, can be seen very minute elevations. 
Magnified with a pocket lens they present the appearance shown in 
figure 6. They appear to be located entirely in the mesophyll of the 
leaf, or more properly speaking, at or near the terminations of some of 


the veinlets. This probably accounts for their small size. Being 


located in such delicate tissue they rapidly collapse and disappear from 
view. 

Figures 7 and 8 represent sections selected from serial sections 
through one of these small mesophyll cushions. Figure 7 is taken from 
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the edge and shows the remarkable enlargement of two of the epidermal 
cells. Near by can be seen the’ termination of a vascular bundle. 
Figure 8 is from the center of the same mesophyll cushion. Passing 
from each end of the section toward the center an idea can be formed 
of the progressive elongation of the different cell layers. The tissues at 
the summit of the cushion are in a state of collapse. This one is 
remarkable from the fact that the elongation has advanced from the 
epidermal layer of the under side of the leaf through the parenchyma 
until the palisade cells of the upper side of the leaf are concerned, and 
their elongation is in the same direction, ¢. ¢., toward the lower side of 
the leaf. This results from the fact that the progressive elongation, 
beginning at the lower side of the leaf and advancing toward the upper, 
has relieved the pressure from adjacent cells on the lower side, and also 
that the primary enlargement of the cells of the under side caused the _ 
leaf, at this point, to arch downward, which in itself would make lower 
side of the cells the point of the least resistance. Figures 6, 7 and 8 
‘are from plants sent by L. R. Jones, horticulturist of the Vermont 
station. Very rarely, I have noted in a few instances in the forcing- 
house, cushions are formed upon the upper side of the leaf. 

The primary effects of this derangement of the tissue, farther than is 
pointed out above, relates to certain interferences with the life and 

‘nutrition of the plant which are manifestly attributable to it. When 
the cell walls have become so inordinately stretched that they suddenly 
collapse, as frequently happens, the changes brought about by the 
escape of water from this and adjacent tissues during the warmer 
part of the day may be so profound as to cause the leaf 
to wilt and die. In other cases the cushions when collapsed soon dry 
without great loss of water from adjacent tissues, but the injnry is so 
deep it seriously disturbs the nutrition of that part of the leaf as shown 
by a yellowing of the upper surface at this point. Numerous points of 
attack on the venation of the lower surface of the leaf in such cases 
gives to the upper surface a spotted appearance, while the dried 
cushion immediately below presents a tomentose appearance. Although 
in such cases the entire leaf is usually curled upward, the points of 
injury are more strongly arched, which produces upon the upper sur- 
face of the leaf a depressed area within the yellow spots. 

The secondary effects of the trouble relate to profound changes 
which sometimes follow, but which are not so manifestly attributable 
in all cases, at first examination, to this derangement of the tissues. 
Frequently, when the leaf does not wilt after the collapse of the 
cushion, the broken and dying tissues encourage the development of 
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putrefactive germs which set up fermentations that affect adjoining 
tissues and the leaf is slowly disorganized. Discoloration of the tissue 
accompanies these morbid phenomena, and while they proceed also 
through the very succulent parenchymatous tissue of the petiole and 
down the stem, there appear elongated, depressed, blackened areas, 
which eventually reach the vascular tissue of the stem. 

Frequently such morbid changes originate from cushions developed 
on the stem, and there is reason to believe that sometimes quite exten- 
ive areas of hypodermal tissue of the stem are stretched enormously 
and induce similar destructive metabolism when the epidermis has 
become too firm for its individual cells to participate in such change. 

When the development of the cushions is confined mainly to the 
mesophyll areas of the leaf, or to the very small veinlets, or at their 
terminations, they rapidly collapse and the morbid changes succeeding 
in the mesophyll extend over areas of various sizes, which in the early 
stages are yellowish in color. In these secondary effects many of the 
very small young leaves are affected at the apex, frequently the entire 
apex being involved, and on the somewhat larger leaves it may be | 
confined chiefly to the base of the leaf, or the severity of the attack is 
located there. The progress of this yellow color indicates failing 
nutrition which is augmented by the interference produced from the 
diseased areas in the stem. It terminates in the death of the tissues 
involved, which then change toa dirty grayish brown color. The 
veinlets involved become much darker in color, being nearly black, so 
that viewed through a pocket lens the greyish brown patches show 
frequently cross lines of black or borders of the same color. 

Inquiry into the governing cause. Having observed the external 
aspect and progress of development of these cushions, as well as their 
minute anatomy and relation to the well being of the plant, the inquiry 
into their cause presents itself. The existence of any fungus of 
ordinary dimensions standing in causal relation was easily disposed of. 
Their superficial resemblance to the erineum developed on the leaves of 
various species of birch, maple, alder, etc., through the stimulus 
induced by irritation from phytoptid mites,. suggested a similar sym- 
biont upon the tomato plant. But careful examination proved this 
suspicion to be groundless. 

By this process of elimination of suspected causes, the inquiry was 
gradually removed from the region of the possible symbiosis of some 
one of the more prominent and easly recognizable microscopic forms 
to that of a possible relation of some form of bacteria which, by its 
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presence within or upon the affected organs, excited them to this 
abnormal development. 

Two lines of investigation were carried out, having in view the dis- 
covery of the causal germ. One of these proceeded upon the more 
customary, but less scientific, lines of inquiry usually adopted in the 
study of the bacteria of plant diseases, viz.: The inoculation with dis- 
eased material; the other proceeded upon the more rational line of 
inquiry chiefly adopted in the study of the bacteria of animal diseases, 
viz.: The separation of the germs present and inoculations with pure 
cultures to determine the specific germ. 

Inoculation of healthy plants with diseased material. Experiment 
No. 1, December 3, 1892. Macerated tissue from freshly developed 
cushions was gently rubbed between the thumb and finger upon*the 
leaves and stem of a healthy plant. Portions of the affected plant 
were also left pendent upon the healthy one. Vo result. 

Eaperiment No. 2, December 3, 1892. Macerated tissue from a 
plant in the later stages of disorganization was gently rubbed between 
the thumb and finger upon the leaves and stem of a healthy plant. A 
portion also of the diseased plant was left pendent upon the healthy 
one. Vo result. 

Experiment No. 3, December 3, 1892. Twenty very young plants 
freshly potted, just developing the plumule, were treated as follows: 
There were four rows, five plants in each row. ‘To one plant in each 
row was applied some of the macerated tissue from freshly developed 
cushions. Likewise to one plant in each row was applied some of the 
macerated tissue from a plant in the later stage of the disease. Vo 
result, 

Experiment No. 4, December 3, 1892. In a potted plant were made 
several slit wounds with a scalpel, parallel with the axis of the stem 
and petiole. Into these were introduced thin longitudinal slices of 
tissue from freshly developed cushions. ‘The wounds were then wrap- 
ped with fresh tomato leaves and tied loosely to prevent too great 
evaporation from the wound. ‘the plant was thoroughly sprayed with 
water also. No result. 

Experiment No. 5, December 3, 1892. In like manner a potted plant 
was inoculated with longitudinal slices from a stem in the later stages 
of the disease. No result. 

‘Separation of bacteria from affected plants. By the use of sterilized 
instruments and with precautions against contamination from the 
outside, portions of the interior of freshly developed cushions were 


transferred to nutrient agar which contained an infusion of tomato 


plant. Wo growth appeared. 
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Portions of the cushions including the external parts were then 
macerated in sterilized distilled water, and the dilution was farther 
diluted in the usual way in three tubes of liquid nutrient agar contain- 
ing tomato plant infusion. Esmarch rolls and cultures in Petrie dishes 
were made of these, and several different bacteria were isolated. 

In like manner leaves of plants in the later stages of the disease 
were macerated and carried through dilutions to isolate bacteria. Also 
tissue from the internal parts of petioles and stems in the later stages 
of the disease were used for dilution cultures. From several such 
dilution cultures there were obtained fifteen different species of bacteria 
which were grown in pure cultures and used for inoculations. Of 
these there were three species of Bacillus, three of Micrococcus and 
the remainder probably species of Bacterium. One Micrococcus and 
four species of Bacterium were chromogenous forms. The chromo- 
genous forms and one species of Bucillus (B. figurans) were not con- 
sidered suspicious, but it was very little additional trouble to carry on 
cultures of these. 

When the organisms were isolated they were grown in quantity 
in a liquid culture consisting of equal parts of bouillon and tomato 
plant infusion. 

Experiment No. 6, December 19, 1892. Inoculations were made 
with liquid cultures of the bacteria as follows: The liquid containing 
the cultures was gently rubbed between the thumb and finger upon the 
surface of the stem and leaves. Also with a needle abrasions were 
made of the surface tissue of petioles and stems introducing in this 
manner into the superficial tissues some of the organisms. Vo result. 

The entire series of inoculations was made in such a way that several 
duplicate inoculations were made of all the germs present which could 
possibly bear any relation to the trouble. ‘The negative results point 
to the possibility that there is some disturbance of the equilibrium of 
the natural forces and physiological processes in the plant. This sus- 
picion is strengthened by the fact that the cushion is not formed by 
ordinary hypertrophy which is accompanied by increase of nutriment 
at that point, and multiplication of cells.. Ordinarily, there is no 
increase in the number of the cells. When this does occur it takes 
place in the deeply seated cells which do not suffer collapse while the 
more superficial ones break down. The increase in the number of cells 
in such cases occurs simply by the formation of transverse walls in the 
elongated cells. 

Is the trouble a physiological one? The abnormal stretching of 
groups of cells to eight to ten times their normal size would then be 
sought for in the excessive activity of one or more of the physiological 
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processes which contribute to tugescence and in the lesser activity of 
of those processes which relieve it. 

The most important of these seems to be the excess of root pressure 
over transpiration. It will be instructive to consider the conditions of. 
environment which have united to disturb the desirable stability of 
equilibrium of these two forces in the plant. 

The close confinement of the plants in the forcing house where there 
is little agitation of the air, must necessarily lessen the rapidity and 
amount of transpiration compared with what would take place in the 
open. The water vapor freed through transpiration from plants grown 
in the open under such natural conditions is quickly carried away by 
currents of air* which are to a greater or less extent in almost constant 
action. This permits then a more active transpiration than could take 
place should the water vapor remain undisturbed near the foliar organs. 
Even should the water vapor escape from the neighborhood of the 
transpiring surfaces only through the law of diffusion plants in the 
open would be at a greater advantage than those grown in the confined 
quarters of the forcing house. That transpiration is obstrueted by the 
humidity of the atmosphere has been abundantly shown.+ 


*Sachs Physiology, p. 554. 

Hohnel, Ueber den Geng d. Wassergehaltes und Transpiration bei Entwick- 
lung d. Blattes, 1878. Cited by Pfeffer, p. 144. 

Wiesner, Grundversuche ueber den Einfluss per Luftbewegung auf die 
Transpiration. Bot. Centralb, viii, pp. 382-383. ! 

Wind according to Wiesner in most cases accelerates transpiration. Insome 
cases (Saxifraga sarmentosa) it closes the stomates and therefore retards tran- 
spiration. See same title in P. A. Wein, Abth, i, Bd. xcvi, pp. 182-214. Cited 
in Just’s Bot. Jahrbiicher, 1888, 1, pp. 83-84. 

+Unger, Sitzungsbericht d. Wiener Akademie, Bd. xliv, 2, 1861. 

Sachs, Handbuch der Experimental-Physiologie, 1865. Sitzungsb. d. Wien, 
Akad. Bd. xxvi. 

Déherain, Comptes Rendus, T, lxix. 

Masure, Untersuchungen iiber die Verdunstung des freien Wassers, des im 
Ackerbodenenthalten Wasser, und iiber die transpiration der Pflanzen, Ann. 
Agronomiques, T, vi, fasc, iii, pp. 441-500. 

Reinitzer, Ueber die physiologische Bedeutung der Transpiration der 
Pflanzen. Sitzungsberichte der K. K. Acad. d, Wissenschaft, 1881, 1, Abth. 

LeClerc, De la transpiration dans les végétaux, Ann. d. Sc. Nat. T, xvi, 1883, 
pp. 231-279. 

Tschaplowitz, Giebt es ein Transpiration-Optimum? Beitrag zur Theoric der’ 
Vegetationsconstanten Bot. Zeit. Jahrg, 41, No. 22, S. 353-362. 

Kohl, Die Transpiration der Pflanzen, etc., Braunschweig, 1886. 

Eberdt, Die Transpiration d, Pflanzen und ihre Abhangigkeit von Ausseren 
Bedingungen , Marburg, 1889. 

Goodale, Physiological Botany. 
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Transpiration is less active during the night than in the day, not 
only because of the lower temperature of the air, but especially because 
of the absence of light.* During the winter season when plants are 
grown in the forcing houses the nights are much longer than the days 
and the total amount of transpiration in 24 hours, other things being 
equal, would be less than what wonld take place in the open during the 
summer months when the days are much longer than the nights, Add 
to this the marked number of cloudy days during the winter, with a 
low sun offering at best but a feeble light, and the conditions for tran- 
spiration are still more unfavorable. 

Still another factor must be considered which deprives the plants of 
much light, the structure of the forcing house itself. The light is not 
so intense when it passes through glass, though the amount of light 
thus cut off may be very little. However, the frame work, walls and 
partitions do cut off an appreciable amount of light. 

These considerations, showing a lessened amount of transpiration 
compared with what takes place under natural conditions when the 
plants are grown out doors, would place root pressure in excess of tran- 
spiration should the conditions for root pressure under both circum- 
stances be the same. 

With the comparatively small amount of light carbon assimilation is 
lessened, so that the plant under the forced conditions of growth, when 
it needs larger quantities of carbohydrates has to do with really a less 
quantity than is supplied in the open where conditions for rapid growth 
are not so favorable and those for assimilation are improved. 

Soil temperature compared with that of the air. Some observations 
made upon the temperature of the soil and air in the tomato house 
indicate that the soil is maintained at a temperature only a few degrees 
below that of the air. A sufficient number of observations have not 
been made to show what bearing the difference in temperature between 


*Sach’s Physiology. 

Goodale, Physiological Botany. 

Unger, Seitzungsb, Wien, Akad, Bd. xliv, 2, 1861. 

Déherain, Compt. Rend. Paris. T. lxix. 

Masure, Ann. Aronomique, T. vi, fasc, pp. 441-500. 

Reinitzer, Sitzungsb, d. K. K. Acad. Wiss., 1881, I. 

Leclerc, Ann. Sci. Nat. Bot. T. xvi, 1883, pp. 231-279. 

Kohl, Die Transpiration der Pflanzen, Braunschweig, 1886. 

Eberdt, Die Transp. d. Pfl. u. ihre Abhang. v. aus Bed. Marburg, 1889. 

Burgenstein, Material zu einer Monographie der Transpiration, Verhand- 
lungen d. K. K. Zool Bot. Gesellsch, Zu Wein Vol. 37, 1887, pp. 691-782, and 
Vol. 39, 1889. 
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the two media has upon the relation of root pressure to transpiration. 
At the lower benches (those at the side of the house where the glass is 
quite close to the beds) the soil, from a few observations, possessed a — 
temperature of 2° to 5° Fahr. lower than the air, while in the center of 


TasLE OF ComPARATIVE Soi, AND AlR TEMPERATURES (FAHRENHEIT). 
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the house where there was an opportunity for the warm air to rise 
toward the ridge, the difference in soil and air temperature was greater, 
being more marked the higher the elevation at which the temperature 
was taken in the air, : 
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In the absence of careful data covering a period of several weeks 
there could not be made any satisfactory comparison with the difference 
between soil and air temperature out doors during the growing months. 
However, it will be interesting to note such differences in this connec- 
tion. For this reason there is appended here a table of soil and air 
temperatures adapted from data published by President Fernald of the 
Maine Agr. Exp. Station.* 

The difference in the mean temperature of the soil (from 1-36 inches) 
and air for May, June and July is thus seen to be approximately 10° 
Fahr. Comparing the temperature of the soil from 1-12 inches, it is 
found to be from 5°-6° Fahr. below the mean temperature of the air. 


It is doubtful, however, if these temperatures taken only at the stated. 


times of day, really give the information desired in relation to the 
bearing of soiland air temperatures on root pressure and transpiration. 
For through the day when the temperature is the highest that of the 
air is still higher and with the aid of light and agitation of the air 
transpiration is sufficient to relieve the plant. The early period of the 
night is the time when out doors the conditions for root. pressure as 
indicated by temperature would be more favorable than they would for 
transpiration. But terrestrial radiation soon lowers the temperature of 
the soil so that the plants exist under this disadvantage a comparatively 
short time. 

Here again it is necessary to bear in mind the very short nights 
during which transpiration is low in comparison with the long days 
when it is very active. The light conditions are reversed in the forcing 
house and frequently the light is very feeble with little agitation of the 
air while there is a continued maintenance of soil temperatures suitable 
for active root absorption. Thus while it can not be asserted positively 
that the temperatures of the forcing house are such as to add to the 
complex disturbance of the physiological processes, there are indications 
that such is the case. 

Since turgescence is mainly dependent upon root absorption for the 
supply of water and a turgid condition of the plant soon follows 
strong root pressure unless transpiration is taking place rapidly, it has 
become customary to say that root pressure causes turgidity. Of 
course it is understood that this is not the immediate cause. Water 
cannot be pressed into a cell and cause turgescence. The cell wall is 


_ permeable and as rapidly as water could be driven in at one side it 


*Annual Report, Part IV., Maine State College Agr. Exp. Station, pp. 
155-174. 
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would filter out at the other. The protoplasmic utricle* which lines 
the cell wall is not permeable, or at least only to a small degree. The 
water, then, which passes into the cell through the protoplasmic utricle, 
cannot filter out, and when it does not escape by evaporation or exos- 
mose from the surface, it stretches the protoplasmic utricle, presses it 
against the elastic cell wall which then yields and the cell is turgid. 
The extent to which the cell wall is stretched depends upon the endos- 
matic activity which introduces water into the cell, the rate of trans- 
piration and the firmness of the cell wall. The endosmatic activity 
_ within the cell is brought about by the presence of certain salts or 
organic acids in the cell sap, which have a strong affinity for water.t _ 

By root absorption the plant is supplied with water, the permeable 
cell wall permitting it to flow from the vascular bundles into the 
fundamental and other tissues, where it comes in contact with the pro- 
toplasmic membrane lining the cell wall. When root absorption is 
active and transpiration is inactive or at a low ebb, the affinity which 
the vegetable acids possess for the water draws it within the cells. 
Root absorption practically being in operation continuously under the 
conditions of the forcing house, the transpiration being in operation 
for such a large part of the time, the cell walls are unduly stretched. 
This continues until a point is reached where normal tissue tension of 
the leaf or the cortical parenthyma of the stem is no longer held in 
longitudinal tension. The cell wall thus continuing to stretch yields 
at the point of least resistance which is at the surface of the congested 
tissue and the radial elongation of the cells is the result. 


*Mohl. Bot. Zeitung, 1846, p. 75. 

Negeli, Pflanzenphysiologische Untersuch, Heft I, 1855, p. I. 
Pfeffer, Osmotische Untersuchungen. Leipsig 1877. 

Sachs’ Physiology. 

Goodale, Physiological Botany. 


+De Vries, Ueber die Ausdehnung wachsender Pflanzenzellen durch ihren 
Turgor, Vorlaufige Mittheilung; Bot. Zeit. 1877, S., 1-10. 

Untersuchungen iiber die mechanischen Ursachen der Zellstreckung von der 
Einwirk von Salzl6sungen auf den Turgor wachsenden Pflanzenzellen, Leip- 
sig, 1877. See Justs Bot. Jahresb. 1877, I, p. 65-67. 

Ueber die Beduetung der Pflanzensiiuren fiir den Turgor der Zellen. Bot. 
Zeit. 1879, p. 847. 

Palladin, Hthmung und Wachsthum, Berichte d. Deutsch. Bot. Gessell- 
' schaft, 1886, pp. 322-328. 

Bildung der organischer Siuren in den Wachsenden Pflanzentheilen, Ber. d. 
Deuts. Bot. Gesellschaft, 1887, p. 825. 
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The organic acids increase most rapidly at a temperature ranging 
from 50 degrees to 57 degrees Fahr.* As the temperature rises above 
this point they are gradually decomposed. Darkness or weak light 
also favors their increase, and De Vriest has shown that a periodicity 
of increase or decrease of these acids exists corresponding to night and 
day. In fact anything which interferes with oxidation serves to per- 
mit their increase, while those conditions which promote oxidation 
serve to decrease them.{ According to Warburg it is not the direct 
action of light which decomposes these organic acids, but the oxygen 
set free during carbon assimilation. || 

Another effect of the feeble light and its short duration is the pro- 
portionately small quantity of carbohydrates produced. Except in the 
case of some shade plants where direct solar light may be too intense 
for normal assimilation, other things being equal the activity of 
carbon assimilation increases nearly in proportion to intensity of solar 
light,4] or as the plants exist under more favorable conditions of light. 

*De Vries, Ueber den Antheil der Pflanzensiiuren an die Turgorkraft wach 
sender Organe. Bot. Zeit. 1883, S., 850. 

Warburg, Untersuchungen aus d. Bot. Inst. 2. Tiibingen, Vol. 2, Heft. I, 
1886, p. 71. 

+De Vries, Ueber die periodische Saurebildung der Fettplanzen, Vorlauifge 
Mittheilung, Bot. Zeit., 1884. 

Ueber die Periodicitit im Siuregehalt der Fettpflanzen, Verslagen en 
Mededeelingen der Koninkl. Akad. van Wetenschapen, Afd. Naturkunde, R. 
P. Amsterdam, 1884. \ 

t{Ward. On some relations between Host and Parasite. Proceedings Royal 
Society, Vol. 47. 

| Warburg, Untersuchungen, etc,, pp. 77-92. 

“| Wolkoff. Einige Untersuchugen iiber die Wirkungen des Lichtes von 
verschiedener Intensitit auf die Ausscheidung der Gase durch Wasserpfianzen. 
Pringsheim’s Jahrbiicher, Bd, 5, S. 1-30. 

Van Tieghem, Respiration des plantes submergées a la lumiére d. une bougii, 
lieu de formation des gaz. Comptes Rendus, herbd. 1869, p. 482. 

Famintzin, Die Wirkung des Intensitat des Lichtes auf pie Kohlensdurerzer- 
setzung durch Pflanzen, Bulletin de l’Acad. d. St. Petersburg, Vol. 26, 1880, 
column 296-314, 

Pringsheim, Zur Kritik der bisherigen Grundlagen der Assimilationstheorie 
der Pflanzen, Monatsberichte der Berliner Academie, vom Feb., 1881, S. 15 
und 16, cited by Reinke, Bot. Zeitung, 1883, No. 42, 43 and 44, 

Ward, Proceedings Royal Society, Vol. 47. 

Sachs’ Physiology. 

Pfeffer Pflanzenphysiologie. 

Detmer Lehrbuch der Pflanzenphysiologie. 
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Wollney shows that the water content* is less and the ea, of 
carbohydrates greater the better the plants are lighted. 


One reason why shade plants when exposed to the direct light of the 


sun may be injured is because the form and structure of the leaves 
developed in the shade is different from that of plants in sunny places 
as shown by Stahl. Grosglick { has proved experimentally that such 
difference is a natural adaptation to environment. 

Obstructed transpiration in conjunction with strong root pressure 
produces much the same condition of tissues as is found in etiolated 
plants. Ward says,|| “we may look on a shoot growing in a saturated 
atmosphere as presenting all the chief features of one growing in 
darkness. Its cells are extremely turgid, with watery, soft, thin 
walls,“| and acid cell-sap; its vascular bundles freely developed and 
hardly lignified; and as before it is ill adapted to withstand the exigen- 
ces of the ordinary environment.” 

Thus obstructed transpiration in the forcing houses through feeble- 
ness and short duration of light, and an atmosphere more humid than 
the average in the open during the summer months favors watery 
tissue, thin cell walls which are easily stretched and rapid growth in 
size. The weakness of the cell walls isincreased through lack of suftic- 
ient building material, a result of the low degree of assimilation. 

During certain processes of destructive metabolism, brought about 
by respiration, nitrogenous compounds like asparagin, leucin, etc., are 
built up. When an abundance of carbohydrates are present in the 
protoplasm the amides are worked up into more complex bodies. 


* Wollney, Beitrage zur Frage des Einfluss des Lichtes auf die Stoff — und 


Form-buildung der Pfizen. Forsch. Agr. Bd. vii, 1884, pp. 351-375, cited in ~ 


_Just’s Bot. Johresbericht, 1884, i, pp. 80-31. 


{ Ueber den Einfluss sonnigen oder Schattigen Standfortes auf die Ausbil- 
dung der Laubblattes, Zeitchrift fiir Naturw. xvi, n. f. ix, 1,2. Cited in Bot. 
Zeitung, 1883, s 380, and Just’s Bot Jahresbericht, 1888, ii, pp. 425-426. 


{ Bot. Centralb, 1884, No. 51, pp. 374-3878. Just’s Bot. Jahresb. 1884, i, p. 28. 


| On some Relations between Host and Parasite. Proceedings Royal Society, 
Vol. 47, pp. 393-443. 

See also Vesque et Viet. Influence du Milieu sur les végétaux, Ann. de Sci. 
Nat. 6th Series, Bot. Vol. 12, 1881, p. 167. 


‘| Similar results have been obtained by students in Physiological Botany at 
Cornell University. Bean plants grown with lessened degrees of diffused light 
show corresponding grades of approach to etiolated plants and also corres- 
ponding degrees of frail, succulent tissue, 
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When there is a lack of carbohydrates the amides increase and the 
protoplasm suffers from farther decomposition.* 

The simultaneous increase of the organic acids tends to overcome 
the tension of the protoplasm which should hold them in bounds, and 
_ they gradually diffuse through it. This may continue until the proto-' 
plasm is killed by the increase and diffusion of these substances. 

This study of the environment of the plants under these conditions 
of forced culture and the operation of the natural forces and physio- 
logical processes leads irresistibly to the conclusion that this affection 
of the tomato plants in a physiological one. 

Confirmed by Eaperiment. In order to test the effect of the 
injection of excessive amounts of water into the plant the following 
experiment was carried out. 

On Monday, December 5th, cuttings, including eight to twelve 
inches of the top of four tomato plants, were connected with the 
hydrant as follows: A cork, bored to receive glass tubing sufficient 
to give four delivery tubes, was inserted in a rubber hose and connected 
with the hydrant. The cork was then covered with resin and beeswax 
to prevent leakage. Small rubber tubing was then used to connect the 
delivery tubes with the tomato cuttings which were supported by being 
tied to stakes. In turning on the water it was found that the union at 
the cork was not water tight and it was necessary to leave the experi- 
ment until the morning of the 6th. 

By this time the cuttings were badly wilted so that they drooped, 
and the edges of the leaves on one plant were dry. More of the resin 
and beeswax was brushed over the cork, melted paraffine was run over 
this and finally it was wrapped with a strip of cloth saturated with 
melted paraffine which made the union practically water tight. It was 
also found necessary to. wire the rubber tubing to the end of the cut- 
tings to prevent them from being thrown out by the force of the water 
pressure. 

In turning on the water the pressure was so great it was necessary 
to wrap the larger rubber tube to prevent its bursting. In a few hours, 
the plants, though they had drooped and wilted so badly, were turgid 
and upright, only a few leaves of one plant which had dried at the 
edges not fully opening. On the 7th and 8th, during the middle of the 


* Schulze, Landwirtschaftliche, Jahrbiicher, 1876, Bd. 5, p. 848, 

Bonordin, Bot. Zeitung, 1878, p. 801, cited by Ward, Proceed. Royal Soc., 
Vol. 47, pp. 343-443. 

Palladin, Ueber Eiweisszersetzung in der Pflanzen, Ber. d. Deustchen Bot. 
Gesellsch, 1888, p. 205. 

Pfeffer, Pflanzenphysiologie, p. 301. 
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day, transpiration being greater, the leaves were somewhat flabby 
though later in the day and during the night they were turgid.* By 
the 8th two large cushions of turgescent tissue had formed on one of 
the cuttings of the No. 18 variety, one on the stem about 24 cm long 
‘and extending about one-fourth the distance around the stem; the other 
one on the under side of a petiole about 3 om long. At noon on the 
8th the experiment was changed by placing a glass cage over the plants 
to lessen transpiration. The plants and the inside of the cage soon 
became so wet that water streamed slowly down. The cage remained 
on until the 10th. During this time the plants remained so wet no 
observations could be made on the development of the cushions. 
During the preceding night the tissue of the No. 18 variety, being 
much more tender than the others, collapsed where the rubber tube 
was wired to the stem and permitted water to spurt through the 
delivery tube over the other plants. The cage was then removed at 
8:45 A. M., and two plants were replaced with fresh ones, those being 
removed were the No. 18 variety and the plant the leaves of which 
had partially dried at the time the experiment was set up. Both of 
the fresh plants introduced were of the Lorillard variety. At the 
time of the mid-day observations on the 10th it was noted that the two- 
other plants which had been connected four days, two days of the time 
under the moist cage, were drooped. They were left for another day 
with the hope that lessened transpiration during the night might 
revive them. On both of these plants, which were of the Lorillard 
variety, quite extended cushions were developed on the stem. On one 
plant were two cushions each about 3 em long, on the other was one 
cushion 23 cm long. The elevated, shining mass of cells could readily 
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be seen so soon as they had dried after removal of the cage. Decem- 
ber 11th these two plants were still drooped,’ probably not having 
revived during the night. They must have been near dissolution, for 
some of the leaves easily fell away from the stem. While there 
probably had been sufficient pressure on during the past 24 hours, the 
faucet was but a little way open and much iron rust had formed and 
clogged the vascular ducts at the point of union with the delivery 
tubes so that one of the fresh plants introduced the previous day had 
drooped. The three drooping plants were then replaced with fresh 
ones, one cutting being of the No. 18 variety and possessing quite a 
firm stem at the base. The water was turned on full pressure.+ It 


*It was latter found that iron rust accumulated slowly in the larger rubber 
tubes and partially clogged the vascular ducts, which accounted for the flabby 
condition during the middle of the day. 

+The pressure of the water was about 20 to 30 lbs. 
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was so great that within five minutes the fresh plants had been injected 

and water stood out in great drops at the ends of the veinlets on the 

edges of the leaves. This same phenomenon was observed in all the 
plants when freshly connected with the delivery tubes. 

The exudation of drops from the edges of leaves through arti- 
ficial injection of the plants has been observed by other experi- 
menters, the water being forced into the cut end of the stem by the 
weight of a column of mercury.* Sachs also has produced the same 
effects in plants, by simply warming their roots, thus increasing root 

_ pressure. 

Some of the lower leaves had been cut from each of the last three 
plants connected with the tubes and from the cut surfaces a steady 
stream of water flowed slowly down the stem. 

December 12th at 12:15 p. m., three of the plants were turgid while 
one was a little drooped. The epidermis of the stem and petioles of 
this one presented numerous longitudinal slits which perhaps offered 
opportunity for freer evaporation, and during mid-day when the air was 
comparatively dry and warm it became limp, while toward evening 
(4:30 Pp. m.) it became turgid. In one of the turgid plants several of 
the leaves presented quite extensive areas where the intercellular 
spaces were injected so that these portions of the leaf exhibited a 
water-soaked appearance, and drops of water stood out upon the lower 
surface of such areas. In all of the plants a small amount was expelled 
from the axils of some of the leaves, collecting in drops which flowed 
away at intervals. 

One of the delivery tubes broke during the night of December 12th, 
and on the morning of the 13th the water pressure was turned off. The 
tube was repaired at 9 a. m. The temperature was quite low in the 
house during the night of the 12th, owing to an accident in the boiler 
room. Probably for this reason, coupled with the fact that the plants 
were partly covered, little transpiration took place and the plants were 
quite turgid. On December 14th there were no pvints of interest to 
note. : 

During the night of December 14th one of the delivery tubes broke 
_ again and at the time on the morning of the 15th the pressure being 
off, the plants had drooped. It was not deemed necessary to carry the 


_ * Moll, J. W. Ueber Tropfenausscheidung bei Blattern. Bot. Zeit., 1880, p. 
_ 49, Moll, J. W. Untersuchungen iiber Tropfenaus-scheidung und Injection bei 
Blattern, verslagen en Mededeelingen d. k. Acad. van Wetenschappen, 2, R, 
xv. Deel. Amsterdam, 1880. See Just’s Bot. Jahrb., 1880. i, p. 239. See also 
Bot. Zeitung, 1880, p. 49. 

+ Sach’s Physiology, p, 278. 
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" {periment farther, but in order to photograph the experiment fresh 
“nts were introduced and the photograph was taken ten minutes after 


we twessure had been turned on. The photograph is reproduced in 
hale to show the plan of the experiment and also the numerous 
drops whic. 


exuded from the leaves of the injected plants, and which 


can be Hetuy: o, 
be seen rv “ing down on some of the stems. 


Be expericnge Hac during the trial has suggested that, should it 


ever be repeated, it wot, he well to place a filter in the large rubber 
hose in order to remove all y. 


: 
: 


rticles of sediment, since considerable 


interference arises from the clogeing of the vascular ducts of the 
cuttings. 


It demonstrates, however, the relation, which excessive root 
pressure* bears to the development of the c.jshions, Their appear- 
ance on the stem of the No. 18 variety through’tiye agency of artificial 
pressure may not seem so convincing perhaps, since, this variety was 
very susceptible to the trouble, and it was quite difficult to obtain a 
cutting for the experiment which was free from it. 

Their appearance on the stems of the Lorillard variety, the stems of 
which are much more resistant to the trouble, is quiet convincing that 
the lack of a proper equilibrium between root and pressure and trans- 
piration is an important factor in the cause. ~ 


4 


*It matters little for the present discussion of excessive turgidity v yhether 
“ root-pressure”’ or the laws governing the lifting of water in the stnjams of 
plants is the real cause of the elevation of the water in the tomato )yplants 
beyond the point of the root absorption. It is well known that root pre sssure 
cannot lift water to the height attained by some plants and that the trans qpira- 
ation current is not the only factor concerned, for it goes on sometimes 1. nde- 
pendently of transpiration. See the following literature: 


Jamin Comptes Rendus, 1860, 1, pp. 172, 311, 885. a 

Unger, Sitzungsb. d. Akad. d. Wiss. z. Wien. lvii, 1, 1868. , fc 

Sachs, Vorlesungen tiber Pflanzen physiologie. Ueber die Porositit deg 
Holze, cited by Ward. Timer and some of its diseases, 1889. ie 


Boehm. De la cause du movement de l’eau Ann. d. Sci, Nat. 6th se¥., T, xii, 
1881. 

Elfving, Ueber die, Wasserleitung im Holz. Bot. Zeit. 1882, Oct. 

Hartig, Ueber die Vertheilung der organischen Substanz, des Wassers ina 
Luftraumes in den Biumen. Unters. a. d. Forst. Bot. Inst. Miinchen, 1"Gg9 
Ueber die Ursache der Wasserbewegung in Transpirirenden Pflanzen, 1" pia, 
1883. ; 

Dufour; Ueber den Transpirationsstrom in Holz-pflanzen, Aarb.d, Bot. Tpinst. 
Wirzburg, 1883. lak 


Hartig, Die Gasdrucktheorie und die Sachs’ che Imbibitionstheorie, Be. rlin 
1883. Cited by Ward, 1. ec. 
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To be certain that the anatomical characters of the cushions 
developed artificially comported with those developed under the pre- 
vailing conditions in the forcing house, portions of the stems of the 
No. 18 ani Lorillard varieties used in the experiment, on which the 
cushions appeared, were hardened, sectioned and prepared for study by 
the same method used in the preparation of the former material. The 
plants having been kept under the moist cage so long, their surfaces 
were very wet and the superficial portions of the cushions were broken 
down. 

Plate VII represents four sections from the preparations. The two 
upper figures, 13 and 14, are from the stem of the No. 18 variety, 
while the two lower figures, 15 and 16, are from the stem of a Lorril- 
lard. Each one of the figures includes the same depth structurally of 
the stem, the portion represented including the epidermis, layer of 
chlorophyll bearing cells, the collenchyma and cortical parenchyma. 
In each of the varieties the left hand figure in the Plate shows the 
anatomical structure of the cushion, while the right hand figure shows 
that of the opposite side of the stem where the tissue possesses its 
normal form, the drawing both of the left and right hand figures being 
made from the same section. In both varieties the epidermis, the layer 
of chlorophyll bearing cells, and two layers of the cells of the collen- 
chyma participate in the radial elongation. The remainder of the 


Zimmerman, Zur kritik per Bohm-Hartigschen Theorie der Wasserbewegung 
in der Pflanze, Ber. d. Deutsch, Bot. Gessellsch, Bd. i, p. 183. Ueber die 
Jamin’ische Kette, Ibid. p. 384. 

Westermaier, Zur Kenntniss der osmotischen Leistungen des lebenden 
Parenchym’s. Ber. d, Deut. Bot. Gessellsch. Bd. i, 1883, p. 371. 

Elfving, Ueber den Transpirationsstrom in den Pflanzen, Acta Societatis 
Scientiarum Fenuice, T, xiv, 1884, cited by Ward, 1. c. 

Scheit, Die Wasserbewegung im Holze, Bot. Zeit, 1884, p. 177. 

Godlewski, Zur Theorie der Wasserbewegung in den Pflanzen, Pringsheims 
Jahrb fiir wissensch. Bot. Bd. xv. Heft 4, 1884, p. 569. 

Kohl, Zur Wasserleitungsfrage, Bot. Zeit, 1885, p. 522. 

Errera, Eun Transpiration Versuch. Ber. d. Deut. Bot. Gessellsch., 1886, 
p. 16. ‘ 

Zimmerman, Zur Godlewskischen Theorie der Wasserbewegung in der 
Pflanzen Ber. d. Deut. Gessellsch, 1885, p, 290. 

Hensen, Ein Beitrag zur Kenntniss des Transpirationsttromes, Arb. d. Bot. 
Inst. Wurzburg, 1885, p. 805. 

Scheit, Die Wasserbewegung im Holze. Jenaische Zeitschrift fiir Naturk, 
1885. Cited by Ward, l. c. 

Schwendener, Untersuchungen iiber das Saftsteigen, Sitzungsb. d.k. preuss. 
Akad. Wies, 1886. See Ward. 
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collenchyma and the cortical parenchyma shows a very turgid condi- 
tion as compared with the same tissue on the opposite side of the stem 
as shown in the right hand figure. The struetural features of these 
artificially induced cushions do not differ from those induced 
under the operation of the natural forces, and we are justified in con- 
cluding that this experiment forms additional cumulative evidence that 
the phenomenon is a result of the unequal operation of the physiologi- 
cal processes concerned in plant growth. 

Cultural Experiment. In view of the large quantities of water 
absorbed by the roots in excess of the actual transpiration, a cultural 
experiment was suggested to be governed by such conditions as might 
be quite easily obtained in the soil of the bed where the plants grew 
which were most seriously affected. For this experiment twelve potted 
plants of the Lorillard variety were selected, because that variety 
seemed to be more resistant than the No. 18. a) 

December 7th, they were placed on boards which rested on the soil 
of the bed at the south side of the tomato house where the plants of 
variety of No. 18 were growing. They were allowed to remain in this 
condition for two days without any water, when the soil was quite dry 
and the leaves were limp. They were then divided into four lots of 
three each. 

Those of lot No. 1 were removed from the pots and transplanted in 
the soil bed near affected plants at the east end of the bed, the soil 
having been stirred previously and allowed to become partially dry. _ 

Those of lot No, 2 were allowed to remain in the pots on the boards, 

Those of lot No. 3 were removed from the pots and transplanted in 
the soil of the bed by the side of affected plants at some distance from 
those of lot No. 1. 

Those of lot No. 4 were transplanted to soil by the side of the walk 
where were other affected plants. 

Lots 1 and 2 were now given from day to day only sufficient water 
to keep them growing slowly, but not enough so that at any time the 
plants could become very turgid. 

Lots 3 and 4 were supplied with sufficient water to keep the soil 
nearly saturated, enough so that the roots could absorb all the water 
possible at their highest activity, but not so much as to interfere with 
that activity. ‘The plants of lots 3 and 4 were therefore kept very 
turgid by the large amount of water absorbed in comparison With that 
given off at the leaves, and in a few days the cushions of radially 

NotE.—I wish to acknowledge here the generous assistance in carrying on 


these experiments rendered by Professor Bailey and Messrs. Corbett and Lode- 
man of the Horticultural Department. 
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elongated cells began appearing on the under side of the leaf veins and 
mid-rib as well as on the under side of the fetioles. In a few days 
more the curling of the leaves was perceptible, and in about ten days 
the leaves of nearly all the plants of these two lots were badly affected. 

Those of lots 1 and 2 represented only a very few of the cushions 
on the leaf veins, and if the experiment had not been disturbed prob- 
ably none would have appeared. During the period of about. two 
weeks these plants were watered quite heavily twice by an attendant 
who had not been apprised of the nature of the experiment. Not- 
withstanding this, the difference in the plants resulting in the different 
degrees of irrigation was remarkable. The result of this experiment 
seems to be conclusive concerning the physiological nature of the 
disease. 

Relation of tissue strength to the disease. An analysis of the laws 
of plant growth in connection with a study of the tissue strength and 
firmness of the tomato plants grown in the forcing house, as well as 
their environment, shows that the operation of the same. forces which 
have produced this trouble has also produced a structural condition of 
the plant which renders it in the highest degree susceptible. One of 
the most striking things about the plants of the No. 18 variety is their 
rank growth and the succulent condition of the stems, petioles, vein- 
lets and mesophyll of the leaves. They are remarkable for their frail 
and bulky nature. The young stems and petioles of a size up to 1 
em in diameter crush between the thumb and finger with very little 
pressure. In this variety the stems, petioles and veinlets are very sub- 
ject to the disease. In the Lorillard variety the stems have been very 
little affected, the trouble occurring chiefly on the veinlets of the leaf. 
A comparison of the tissue strength of these two varieties gives the 
key to their different tendencies in this respect. A stem or petiole of 
the Lorillard variety of the same stage of growth is in very strong 
contrast with those of the No. 18. Grasped between the thumb and 
finger there is a sense of great resistance to pressure, and when crushed 
the tissue appears fibrous and little watery compared with the soft, 
pulpy tissue of the No. 18. 

A microscopic examination of young stems of the same stage of 
growth of these two varieties, presents the conditions upon which this 
difference in firmness of tissue depends. Plate VIII, figures 17 and 18, 
are from camera-lucida drawings of sections of stems from a No, 18 
and Lorillard plant of the same stage of growth. In the Lorillard 
plant considerable woody tissue has already made its appearance as is 
shown in figure 18. The bast cells near the cortical parenchyma have 

16 


122. AgricuttuRAL Exprrment Station, IrHaca, Ni Y. 


also acquired their characteristic features. In the No. 18 plant, figure 
17, at the same stage of &rowth there are as yet no cells presenting the 
characteristics of woody or bast cells. The presence of the woody 
cells themselves probably does not exert any influence in checking the 
tendency on the part of the cells of the fundamental tissue to stretch 
under the influence of turgescence. But it indicates a slower rate of 
tissue growth and firmer and, therefore, more resistant cell walls in the 
fundamental tissue. 

There is, perhaps, some inherited disposition on the part of different 
varieties to this trouble. The history of the No. 18 strengthens this - 
view. The original plant was remarkable for its rank growth, abun- | 
dant foliage and wide reach of limb, so that it was trained to lateral 
supports similar to some methods of grape training. 

But there are also individual variations in the firmness or succulent 
pulpy nature of the stems, dependent upon varying conditions of 
growth and environment. This is a matter of common observation in 
all plants. The individual variations in the succulency or firmness of 
the tissues of the tomato plant render them more or less susceptible to 
the trouble. 

Relation of growth to the development of the cushions. The rela- 
_ tion of the actively growing parts of the plant to these edematous por- 
tions also lends support to the view that they are the result of excessive 
turgescence. 'Turgescence is one of the first conditions of growth, and 
other things being equal, rapidity of growth and the proportions of the 
growing shoot bear a close relationship to the degree of turgescence. 
The greater the degree of turgescence the larger will be the cells and 
the thinner their walls. Where the growing shoot or leaf meets with 
no obstruction to growth, the multiplication of cells and their enlarge- 
ment and disposition into the various tissue elements accommodates all 
the water which by root pressure is distributed to them. The rate of 
growth is sufficient to relieve the great pressure though transpiration 
may be below the normal rate. Transpiration takes place more 
rapidly in young leaves* and shoots, but I do not think the difference 
in the susceptibility of very young and somewhat older tissues bears 
any very great relation to their different capacities for transpiration as 
will be shown below. 

In the plants which have been most susceptible to the trouble, it has 
been very noticeable that the growing shoot for four to six. inches was 
entirely free from the cushions, while below this rapidly growing 
region the turgescence effected the abnormal stretching of groups of 
cells. The rate of growth at this point having declined, the excessive 


* Sachs’ Physiology of plants. 
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turgescence could no longer be relieved. In making a section of a 
stem at this point before the radial elongation of the superficial layers 
of cells began, it would be possible to tell on which side of the stem, 
or at what points on the circumference, the cushion would be 
developed. All of the cells in such succulent, rapidly developed stems 
are proportionately large and thin walled. But the force of the 
excessive turgescence has produced unequal results in the size of the 
cells at various points in the cortical parenchyma and the adjacent col- 
lenchyma and epidermis, so that the section shows much larger cells 
with consequently thinner walls at one or more point& outside the 
cambium ring. 

Not only do these cells contain more water but their cell walls are 
less resistant. It is at these points the radial elongation of the cells 
takes place, as can be seen by a comparison of numerous sections of 
affected stems. 

In farther confirmation of this fact, that active growth relieves the 
tension and prevents the trouble temporarily, is the following observa- 
tion made on the plants of the No. 18 variety which grew on the 
south bench at a point where the glass was about four feet above the 
soil. Before the growing ends of the plants reached the glass, the 
terminal portion, of five or six inches, was entirely free and the plants 
were in all respects similar to those of the same variety grown else- 
where, though perhaps not quite so rank and succulent. When the 
tops reached the glass their cramped condition, the greater humidity 
and other contingent circumstances prevented growth or reduced it to a 
minimum, Turgescence, however, continued, and in a few days nearly 
the entire surface of the terminal portion of the plants showed the 
development of these cushions. The trouble extended to the very end 
at the base of the leaf bud, and the very young and intermediate leaves 
were also affected, while plants of the same variety in other parts of 
the house, where there was still freedom for growth of the shoots and 
leaves, were no different from their former condition. 

Similar developments in other plants. Reference has been made to 
probably a similar outgrowth produced on. potato stems by placing 
rapidly growing potted potato plants under a bell jar.* 

Sorauert also describes a similar disease on Ribes aurewm. In this 


* Ward, on some relations between host and parasite, etc. Proceed. Roy. Soc., Vol. 47 
1890-1891, p. 393-443. 


+ Wassersucht bei Ribes aureum, Freihoffs’ Deutsche Giirtnerzeitung, Aug., 1880. See Just’s | 


Bot. Jahresb, 1880. 11 Abth. p. 656-657. 

Sorauer, Pflanzankrankheiten, Zweite Auflage, Bd. I, p. 235-238. 

Goéschke, Die Wassersucht der Ribes, Monatsschrift d. Verein z. Beférd d. Gartenbaues in 
den kgl. Preuss. Staaten, Octoberheft, 1880, s 451. See Just’s Bot. Jahresb, 1880, II Abth., 
Pp. 657. 
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case, the outer tissues being quite firm, the radial elongation frequently 
takes place in the deeper lying thin walled cells. In the preparation. 
of the plants for forcing the lateral shoots are cut off. In the spring, 
when placed under conditions of forced culture in the plant houses 
there being few buds where growth can take place and thus relieve the 
stem of the great amount of water absorbed by the roots, localised 
centers display abnormal turgescence through the radial stretching of 
the cell walls. 

In 1879 experiments were conducted under the direction of 
Sorauer, in ‘the forcing houses at Pankow, near Berlin, with well 
rooted stems placed under conditions favoring forced growth. The 
results were quite positive, excellent examples of the trouble being thus 
produced. 

He cites similar developments in the stems of young plum plants in 
water culture where the base of the stem was set too deep in the water. 
Also plants of Phaseolus vulgaris were subject to the trouble, when 
cultivated in wet sand if the seedling was too deep in the soil. 
 Masters,* at a meeting of the Royal Horticultural Society in 1878, 
_showed leaves of potatoes, the under surface of which was marked 
with warts similar to those which occur on vine leaves when grown in 
too close and moist an atmosphere. The conditions under which the 
potatoes were grown were such as to produce the growths in question. 

In 1889, vine leaves were exhibited at a meeting of the same society, 
which possessed similar warts on the under surface. The vines were 
grown under glass. Ward, to whom the matter was submitted, said it 
was due to poor ventilation of the house whereby the humid atmosphere 
favored abnormal turgescence which resulted in these outgrowths. 

Quabius { reports the trouble on pears grown out doors, which is the 
same as that in Ribes aureum. 

Conclusion. Root pressure varies greatly in different plants. It 
would be interesting to know if there was any variation existing in the 
root pressure of different varieties of tomato plants grown under the 
same conditions, and if there was any correlation between the unit of 
pressure and the susceptibility of the variety to the edema; or, if 
root pressure is constant in the different varieties, does any variation 
exist in the power of the stem to lift the water which the roots absorb ? 

The study thus far made and presented in this report is in the nature 
of a contribution toward a solution of the at present obscure and 


* Gardener’s Chronicle, 1878, I, p. 802. 

+ Gardener’s Chronicle, 1889, I, p. 503. 

{ Wassersucht bei Birnen. Jahresb. d. Schles. Centralverein’s fiir Géirtner 
und Gartenfreunde zu Breslau, 1881. See Just’s Bot. Jahresb, 1872, ii, p. 704. 
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unequal operation of the natural forces which are associated in the 
etiology of this most interesting phenomenon in abnormal plant devel- 
opment. To fully carry out this would lead the present writer too far 
afield at this time upon an inquiry into the operation of the laws of 
plant growth under artificial conditions of environment. The subject 
is none the less one of great importance both from a scientific and 
economic standpoint, and deserves serious consideration. A student of 
cryptogamic botany, and especially one who devotes any serious atten- 
tion to the relation existing between mycology and plant pathology 
cannot escape an inquiry into the pathological changes induced by the 


action of a symbiotic organism,* or whether the symbiont merely takes | 


advantage of a low vitality or degenerate tissues introduced through 
unfavorable surrounding conditions, or the unequal operation of physio- 
logical laws. So much has been demanded of the writer by the present 
case and until the investigation had been carried to the extent presented 
here, it could not be said whether or not any. symbiont stood in causal 
relation to the trouble. 

To properly conduct the inquiry farther would necessitate a broad 
treatment of the manifold related forces. Compartments should be 
arranged so that the temperature of the soil and air could be controlled 
independently. Several such compartments should be arranged to 
maintain the soil at a given temperature and vary the air temperature, 
Several others with a given air temperature and varying soil tempera- 
ture; variations also in the humidity of the air and moisture of the 
soil, the latter as has been shown can be treated to control the trouble. 
Studies with different kinds of soils would undoubtedly yield interesting 
and important results, for clay soil as is well known is more retentive 
of moisture and would less readily yield its moisture to the roots. 
Means for the artificial agitation and interchange of the air should 
be provided. The inquiry should embrace studies of nutrition 
and assimilation. The effect of artificial light should be studied 
in connection with the trouble. Although some of the earlier 
experiments, with the use of artificial light cast doubt + upon the 
question of carbon assimilation under .such conditions it has 


*Symbiont here is used in the broadest sense of that term, which means a 
common life for a greater or less period between two organisms. 

+ DeCandolle, Memoires des savans étrangers de I’ Institut des Sciences, T. 1, 
1806, p. 338. 

Physiologie végétale, 1832, T. 1, p. 131. 

Biot. Froriep’s Notizen, xiii, 10, 1840. 

Hervé Mangon, Production de la matiére verte des feuilles sous I’ influence 


dela lumiére electrique. Compt. Rend, herb. d. Sci. Paris, 1861, T. liii, p. 248. 
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recently been abundantly shown that carbon assimilation takes place * 
and in such amounts as in some cases to be a profitable use of such 
means of lighting. 

Finally, the question of the origination of varieties, especially suited 
to forcing-house culture should be taken up, keeping in view the 
desirability of the proportionate and harmonious evolution of correlated 


structures and functions. 
GEO. F. ATKINSON. 


* Famintzin, Die Wirkung des Kerasin — Lamp lichtes auf Spirogyra ortho- 
spora Neg, Bulletin d. ’ Acad. Imp. d, Se d. St. Petersbourg, T. 10, column 
4-14, 1865, also, T. 12, col. 97-108. 

Prillieux, de |’ influence de lumiére artificielle sur la reduction de I’ acide 
carbonique par les plantes. Compt. Rend, d, Sci. Paris, 1869, 2d Sem., pp. 
408-412. 

Heinrich, Versuchs-Stationen, 1871, xiii, p. 1538. 

Famintzin, Die Zerlegung der Kohlensiure durch Pflanzen bei kiinsthichen 
Beleuchtung. Bull. d. l’ Acad, d. sci. d. St. Petersbourg, T. 20, pp. 136-142, 
1880. 

Die Wirkung der Intensitit des Lichtes auf die Kohlensiurererzetzung durch 
Pflanzen Ibid pp. 296-314, 

Déherain et Maquenne, Sur la décomposition d l’ acide carbonique par les 
feuilles éclairies par lumiecre artificielles. Ann. Agronomiques, T, v, 1880, pp. 
401-416. 

Famintzin, La decomposition de l acide carbonique par les plantes exposées 
a la lumiere artificielles. Ann. d. Sci. Nat. Bot., 1880, T. 10, pp. 62-66. 

Siemens, On the influence of electric light on vegetation and on certain 
principles involved. Proceed. Roy. Soc. 1880, vol. 30, pp. 210-219. Some 
farther observations on the influence of electric light on vegetation. Same 
vol., pp. 2938-295. Recent applications of the dynamo — electric current to 
RN I aa Horticulture, etc. Editorialin Nature. Vol. xxii, 1880, p. 185. 

Ricasoli-Firidolfi, L’. Orticulturs elletrica, Bull. della R. Soc. Tose. 4d’ 
Orticult, V. 8, Firenge, 1880, Cited in Just’s Bot. Jahresh, 1880, 1, p. 815. 

Siemens, Ueber den Einfluss des Elektrischen Lichtes auf die Pflanzen, 
Forschungen auf dem Gebiete der Agriculturphysik Bd, 5, S. 486. See Just’s 
Bot. Jahresb., 1882. i, p. 48. 

Wittrock, Om elektriska ljusets inflytande pi vaxterna, Svenska Tridgards 
fiireningens Tidskrift, 1882. Refers to Siemen’s researches upon continuous 
electric lighting and compares the results with the long known facts concern- 
ing the effectof continuous sunshine in the arctic region which hastens develop- 
ment, and produces beautiful and pure colors in flowers, and promotes the 
formation of fruits rich in aroma, and hardy seeds. See Just’s Bot. Jahresb. 
1873, p. 564. 

Bronold, Ueber Elektrische Pflanzenculturversuche Zeitschrift d. landw. 
Vereins in Bayern, 1884, Jahrg. 74, Heft. i, p. 16-18. See Just’s Bot. Jahreb. 
1884, i. p. 6. 

Bailey, Some preliminary studies of the Influence of the Electric Arc Lamp 
upon Greenhouse Plants, Bulletin 80. Cornell University Agr. Exp. Station, 
Aug. 1891. 
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DESCRIPTION OF PLATES. 


Plate I. Photographs showing «edematous cushions on stem and 
leaves of tomato. 

Plate II. Photograph showing detail of connection of tomato cut- 
tings with the hydrant, and drops of water hanging from edges of 
leaves which were forced through the veins by the water pressure. 

Plate HI. Anatomical structure of cedematous cushion on leaf 
vein. Figure 4, healthy part of vein; figure 5, from center of cushion. 

Plate IV. Anatomical structure of cedematous cushion in mesophyll 
of leaf, near termination of leaf vein. Figure 6, appearance of small 
cushion magnified with pocket lens. Figure 7, section through edge 
of small mesophyll cushion. Figure 8, section through center of 
partially collapsed mesophyl! cushion. Plate IV was made from 
specimens sent by L. R. Jones, of Burlington, Vermont. 

Plate V. Structure of young cedematous cushion in young stem of 
No. 18 variety, showing also detail of ‘tissue. In this and all the 
plates which follow, med.— portion of parenchyma from the pith of 
medulla ; w= = woody cells; ca=-cambium zone; )==bast; ¢ p= 
cortical parenchyma; co|=collenchyma; ch==chlorophyll layer of 
cells ; ep == epidermis 

Plate VI. Figure 11, from center of young edematous cushion in 
young stem of No. 18 variety, taken from same series as figures 9 and 
10 of Plate V. Figure 12, from center of older cushion on older part 
of stem of No. 18 variety. 

Plate VII. Comparative study of cdamatous cushions produced 
artificially, with the normal tissue on opposite side of stem. Figures 
13 and 14, from No. 18 variety ; figures 15 and 16, from Lorillard 
variety. : : 

Plate VIII. Comparative study of tissue firmness of No. 18 variety 
(figure 17) with Lorillard variety (figure 18) at same stage of growth. 


SUMMARY FOR PRACTICAL PURPOSES. 


The cedema of the tomato is a swelling of certain parts of the plant 
brought about by an excess of water which stretches the cell walls, 
making them very thin and the cells very large. The excess of water 
may be so great that the cell walls break down, and that part of the 

plant dying, exerts an injurious influence in adjacent parts. 
_ The excess of water in the tissues is favored by the following 
conditions : 
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1. Insufficient light. The long nights of the early winter months, 
numerous cloudy days, and in part, the walls and framing of the forc- 
ing house, deprive the plants of needed light. By a process 
known as transpiration, plants are relieved of much water when well 
lighted, but in poor light, since the roots are absorbing water, it is apt 
to accumulate to excess. Well lighted parts of the house then should 
be selected for the tomatoes. 

2. Too much water in the soil. Water in excess can be withheld 
from the soil and prevent the trouble, and yet provide enough for the 
plants to grow. 

3. The temperature of the soil may be too near that of the air. A 
high temperature of the soil makes the roots active, and if the temper- 
ature of the air is not considerably higher an excess of water is apt to 
accumulate in the plant. The aim would be then to have the tempera- 
ture of the air considerably higher than that of the roots. 

Lack of proper light also brings about the following harmful 
conditions: 

1. Acids in the plant accumulate in the dark and in strong light 
they decrcase. When there is an abundance of water in the plant 
these acids draw large quantities into the cells, causing the cells to 
swell, resulting many times in cedema, or in the killing of the proto- 
plasm so that these parts of the plant die and become brown or black. 

2. Lack of light causes weak cell walls. It is only when well 
lighted that plants are capable of making substances to build up cell 
walls with. Therefore, lack of light not only favors the accumulation 
of water, if other things are favorable, but it prevents the plants from 
building up strong tissues. In such cases plants can grow themselves to 
death. Possibly artificial light might be used to advantage. 

A quiet and close atmosphere also favors the accumulation of water 
in the plant. Good ventilation should then be secured. Some means 
for the artificial agitation or exchange of the air at night might 
probably be profitably devised. 

Varieties of tomatoes more subject to the edema. Those with a- 
tendency to a very rapid and succulent growth are more liable to the 
trouble. ‘Tomatoes which develop a firm woody young stem are less 


liable to it. 
GEO. F. ATKINSON, 
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PLats II,— Photograph of Experiment for Injection of Cuttings with Water. 
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PLATE IIJ.— Gidema of the Tomato, 
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Puate I1V.— Cidema of the Tomato. 
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PLATE V.— Cidema of the Tomato. 
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PLate VI.— Gidema of the Tomato. 
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PLATE VII.— Gidema of the Tomato. 
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Piate VIII.— Gidema of the Tomato. 
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THE LEGALITY OF DEHORNING. 


The practice of removing the horns from cattle was first publicly 
advocated by H. H. Haff of Illinois about 1885 or 1886, and since that 
time has come to be extensively practiced in all parts of the country. 
It has been found to be of great practical utility in rendering animals 
more docile and quiet, in rendering them much less capable of injuring 
each other or mankind, and in reducing the space necessary for safe 
housing and shipping. The operation though somewhat severe, has 
been found to be a very safe one, usually leading to little or no func- 
tional derangement and not followed by severe pain or profuse hem- 
orrhage. Nevertheless it has seemed to many that to deprive an ani- 
mal of its horns was to practice upon it an unwarrantable cruelty, and 
- numerous prosecutions, therefore, have taken place under the law for 
the prevention of cruelty to animals. Several such prosecutions have 
recently taken place in this State and as numerous inquiries in relation 
to the general subject have been received at this station, it has seemed 
well to give a brief summary of the present status of the matter. 

The New York law, covering case of cruelty to animals, is found in 
Sections 655 and 699 of the Penal Code, and is as follows: 


Tue New York Law ConcerRnine CrRuELTY TO ANIMALS, 


Sec. 665. Overdriving Animal; Failing to Provide Proper Sus- 
tenance.— A person who overdrives, overloads, tortures or cruelly 
beats or unjustifiably injures, maims, mutilates or kills any animal, 
whether wild or tame, and whether belonging to himself or another, or 
deprives any animal of necessary sustenance, food or drink, or neglects 
or refuses to furnish it such sustenance or drink, or causes, procures or 
permits any animal to be overdriven, overloaded, tortured, cruelly 
beaten or unjustitiably injured, maimed, mutilated or killed, or to be 
deprived of necessary food or drink, or who willfully sets on foot, insti- 
gates, engages in, or in any way furthers any act of cruelty to any 
animal, or any act tending to produce such cruelty, is guilty of a 
misdemeanor, 
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Src. 669. Derrnitions. 1. The word “animal,” as used ‘in this 
title, does not include the human race, but includes every other living 
creature. 

2. The words “torture” or “cruelty” includes every act, omission, 
or neglect, whereby unjustifiable physical pain, suffering or death is 
caused or permitted. 


Recent Cases UNDER THE Law. 


On April 13, 1893, upon complaint of an agent of the American 
Society for the Prevention of Cruelty to Animals, Mr. O. H. Smith, of 
Ellicottville, N. Y., president of the Farmers’ Association of Cattarau- 
gus county, was arrested charged with cruelty to animals in having 
dehorned his herd of cows in the autumn of 1891. Mr. Smith was 
taken before a Justice of the Peace, Mr. John Ward, of Ellicottville, 
and gave bonds to appear for trial on April 26th, but before the 
trial was joined, upon the affidavit of Mr. Smith’s counsel, Hon Wm. 
G. Laidlaw, County Judge Vreeland granted an order removing the 
case from the Justice’s Court and carrying it to the Grand Jury of the 
county. On May 16th, the matter came up before t!e Grand Jury. A 
number of witnesses, on behalf of both Mr. Smith and the Society for 
the Prevention of Cruelty to Animals were examined, but the Grand 
Jury failed to find sufficient evidence of cruelty and refused to indict — 
Mr. Smith. 

A second case is that of Mr. J. N. Middaugh of Friendship, 
Allegany Co.; his case was entirely similar to that of Mr. Smith’s, 
except that he had dehorned a much larger number of cattle. The — 
history of the case is about as follows: 

J. N. Middaugh is a veterinary surgeon, residing at Friendship, 
Allegany Co., N. Y. During the past winter he dehorned 
over two thousand head of cattle with entire success in different 
parts of the county. About April 29th he was arrested on a war- 
rant sworn out by an agent for the American Society for the Pre- 
vention of Cruelty to Animals, and taken before Justice Torrey of 
Wellsville. On motion of Middaugh’s attorneys, Church & 
Church, the case was removed from trial before the Justice, and 
Judge Norton made an order to refer the matter to the Grand Jury 
and the bail of the accused was fixed at $200. On May 23, the 
complainant appeared before the Grand Jury with two veterinary 
surgeons from Philadelphia. Each testified as to the anatomy of 
the horn and of the probable degree of pain caused the animal by the 
operation of dehorning. Each also testified that he had never seen the 
operation performed or had observed its effect upon animals, or observed ; 
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the action of animals particularly before and after the operation. The 
Grand Jury, prompted by a desire to go to the bottom of the matter, 
snbpenaed about thirty of the representative farmers of the county 
who were large cattle breeders and who had observed extensively the 
effect of dehorning upon their own and other cattie. Without excep- 
tion these witnesses testified that they believed dehorning to be highly 
beneficial and in the interest of humanity. Several of the Grand Jurors 
had themselves had experience with dehorning, and these, including the 
foreman, were excused from all consideration of the matter and excluded 
from the jury room during the entire examination, that no claim could be 
made but that the case was fairly considered. After all the testimony 
had been put in, the ballot was taken and not a single vote was given 
for the indictment. 

It will thus be seen that the Grand Juries of two counties of the 
State, after full and careful testimony, have decided, by refusing indict- 
ments, that the removing of the horns from an animal does not consti- 
tute “cruelty” under the statute. 


PROSECUTIONS IN OTHER STATES. 


As has already been said, H. H. Haaf of Illinois, was one of the first 
to publicly advocate and largely practice dehorning. He was likewise 
one of the first to be prosecuted therefor. On complaint of the Illinois 
Humane Society, Haaf was arrested for practicing cruelty to animals in 
_ having removed the horns from a certain heifer. He was tried before 
Justice Steele at Geneseo, Ill., on January 22,1886. A large number 
of witnesses were examined on both sides and a verdict of acquittal was 
rendered Mr. Haaf. 

At least two prosecutions have taken place in Pennsylvania, one in 
1886, in which the Pennsylvania Society for the Prevention of Cruelty 
to Animals prosecuted a farnier named Hirst. The case was submitted 
to a jury, who dismissed the action but imposed one-half the costs on 
the defendant and one-half on the Society. The other in 1892, in which 
the Western Pennsylvania Humane Society brought an action against 
a farmer near Pittsburg. A large number of witnesses were examined 
and a verdict of acquittal was brought in by the jury. 


Tue Cask In CaNapa, 

By far the most thorough examination of the legal aspects of dehorn- 
ing in its relation to cruelty to animals has been made in Canada and 
published in 1892, in the Report of the Ontario Commission on the 
Dehorning of Cattle. From this report we quote as follows: 
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Origin of the Practice in Ontario. 


The practice of dehorning cattle appears from the evidence to have 
been first introduced into this Province in the year 1888, by Messrs. 
Kinney and Johnson, farmers, of South Norwich, Oxford county. It 
was not, however, adopted to any great extent until February, 1890, 
when Mr. Chauncey Smith, a farmer’s son residing in the township of 
Dereham, Oxford county, on returning from a visit to the State of 
Illinois, where the practice prevailed, set an example by dehorning his 
father’s herd. In a short time this example was followed by Mr. Smith’s 
neighbors, many of whom became warm advocates of the practice. 

Considerable controversy arose as to the amount of pain involved in 
the operation, and in February, 1891, Mr. W. V. Nigh, a farmer of 
of Avon, Middlesex county, was prosecuted before two Justices of the 
Peace at London on the charge of cruelty. The case was dismissed on 
the evidence of ten wituesses that the operation was a beneficial one and 
the suffering of short duration. 

The practice continued to -extend, and the services of Messrs. 
Chauncey Smith and W. A. Elliott, who had made a study of the 
operation, were frequently in demand. Mr. Smith stated in evi- 
dence that he had dehorned 250 head while Mr. Elliott gave the 
number of cattle he had operated upon to be about 400. The 
great majority of these operations took place in Oxford, Norfolk 
and Elgin counties, and although dehorning has been tried experi- 
mentally in various parts of the Province, the practice is largely 
confined at present to the counties mentioned. 

Acting on behalf of the opponents of the practice, Mr. Charles 
Hutchinson, Crown Attorney of Middlesex,* instituted proceedings in 
January, 1892, against Messrs. William York, Sr., W. A. Elliott and 
Edward York, charging them with cruelty to animals in having cut off 
the horns of the cattle of the first named defendant. The case was 
called at the Interim Sessions, London, on January 6th, before Messrs. 
Smythe and Lacey, Justices of the Peace for the County of Middlesex, 
and after a thorough trial each of the defendants was fined $50 and in 
default of payment one month in the County Jail. 


*The Dominion statute against cruelty to animals under which the prose- 
cutions were brought, reads as follows: ‘‘ Everyone who wantonly, cruelly, or 
unnecessarily beats, binds, ill treats, abuses, overdrives or tortures any cattle, 
poultry, dog, domestic animal or bird shall, upon summary conviction before 
two justices of the peace, be liable to a penalty not exceeding $50 or imprison- 
ment for any term not exceeding three months.” 
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The proceedings at the trial were given a widespread publicity and 
an animated newspaper controversy was carried on for several weeks. 
The greatest difference of opinion was noticeable, the advocates of the 
practice claiming that it was a positive kindness to the animals, in 
addition to being a commercial advantage, while many who were 
opposed to it regarded the operation as one of excruciating torture. 

In view of these circumstances, a Commission was issued on March 
9, 1892, by the Ontario Government to Hon. Charles Drury, of Crown 
Hill, Farmer; Richard Gibson, of Delaware, Breeder; D. M. Macpher- 
son, of Lancaster, Dairyman; Andrew Smith, of Toronto, Veterinarian; 
Henry Glendinning, of Manilla, Farmer; and J. J. Kelso, of Toronto, 
Journalist, authorizing and requiring them “To obtain the fullest 
information in reference to the practice recently introduced into this 
Province of dehorning cattle, and to make full inquiry into and report 
with all reasonable speed the reasons for and against the practice, as 
well by the examination of witnesses as by collecting whatever is 
accessible of the evidence which has been given by experts or others in 
the trials which have taken place on the subject in England, Ireland 
and Scotland, and in this Province, the judgments in the cases tried 
and any other useful information from any quarter which may be in 
‘print or otherwise obtainable.” Hon. Mr. Drury was named as chair- 
man and Mr. Kelso as secretary. 


Evidence before the Commission. 


Evidence was received from the representatives of all the interests 
affected by the practice, including general farmers, dairymen, drovers, 
exporters, wholesale and retail butchers, cattle market attendants, 
tanners, hide merchants, veterinary surgeons, medical practitioners and 
members of Humane Societies,— ninety-eight in all. 

Of the farmers examined, nearly seventy in number, all who had 
either performed or seen the operation performed, with three or four 
exceptions, were strongly in favor of it, the majority stating that they 
were prejudiced against it on the grounds of cruelty until they gained 
a practical knowiedge of it. Of the farmers opposed to the practice 
not more than three or four had ever seen the operation but they 
thought it cruel and unnecessary. 

Evidence as to the loss caused by animals using their horns upon 
each other was given by cattle buyers and others in frequent attendance 
at the cattle market, and also by butchers and tanners. 

Among veterinary surgeons a considerable conflict of opinion was 
found to exist. As in the case of the farmers those who had seen the 
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operation and observed its effects were in favor of it, while those who 
had not seen it were opposed to it. 

Indeed, as regards all the evidence received by the Commission it 
might almost be given as the rule that where the operation was prop- 
erly and skillfully performed those witnessing it, however prejudiced 
before, became converts to it, while the great bulk of the opposition 
came from parties not acquainted with the operation, and who enter- 
tained exaggerated ideas as to its severity. 

In no case were witnesses able to refer to an instance where a farmer 
was dissatisfied with the results or willing to give up his right to con- 
tinue the practice, after having performed the operation. 

In addition to the evidence as to the amount of pain involved in 
the operation, much evidence was received as to the commercial 
advantages accruing from the operation, and emphasizing the point 
that a great deal of suffering is prevented by the removal of the 
horns. 

No fault could be found with the character and bearing of those 
who testified in favor of the practice. hey were men who would 
readily be selected as representative of the best class of farmers, and 
even those opposed to them on this question willingly testified to their 
respectability and good standing in the community. 

A great deal of opposition to the practice was met with from mem- 
bers of humane societies and others who believed that the operation 
was purely for commercial considerations and therefore unjustifiable, 
and that the pain inflicted was excessive. These witnesses were 
strengthened in their belief by the judgment of Lord Chief Justice 
Coleridge and Mr. Justice Hawkins,* a verbatim report of that adverse 
decision having been printed and distributed by the Royal Society for 
the Prevention of Cruelty to Animals. 


Recommendations of the Commission. 


The Commission would therefore recommend as follows : 

Ist. That the practice of dehorning be permitted where performed 
with reasonable skill, with proper appliances, and with due regard to 
the avoidance of unnecessary suffering, and that the Ontario Govern- 
ment should bring to the attention of the Dominion Government the 
desirability of amending the law relating to cruelty to animals, so as 
to give effect to this recommendation. 

2d. That the Ontario Government should direct the management 
of the Ontario Experimental Farm to experiment with chemicals 
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on the horns of young calves and also by cutting out the embryo 
horn, with a view to ascertaining whether these methods are more 
desirable than sawing off the horns when they have attained their full 


growth. 
Cuarugs Drury, Chairman, 


RicHARD GIBSON, 
Henry GLENDINNING, 
D. M. McPueErson, 
ANDREW SMITH, 

J. J. Kutso, Secretary. 


In Great BRITAIN. 


The practice of dehorning seems to have been in vogue consider- 
ably earlier than in this country and there are decisions in regard to 
its legality going back as early as 1884. The English law is similar 
to the ones in force in this State and in Canada, and is as follows: “If 
any person shall cruelly beat, ill treat, over drive, abuse or torture, or 
cause or procure to be cruelly beaten, ill treated, over driven, abused 
or tortured any animal, such offender shall be subjected to such punish- 
ment as is prescribed by that statute.” 

A summary of the British decisions is given below : 


Summary of British Trials. 


Ireland, 1884 — Brady v. McArgyle. Magistrate refused to convict. 
Exchequer division held that conviction should have been entered. 
(Baron Dowse and Mr. Justice Andrews.) 

Ireland, 1885 — Callaghan and McAvoy v. the S. P. C. A. Three 
magistrates at the petty sessions held that they were bound to con- 
vict in accordance with the above decision. Common pleas division 
of the High Court of Justice overruled this, and held that the opera- 
tion, skillfully performed, did not come within the meaning of the 
act. (Chief Justice Morris, Mr. Justice Harrison and Mr. Justice 
Murphy.) 

Scotland, 1888 — Penton v. Wilson. Acquitted by the sheriff-sub- 
stitute. Case appealed to a higher court, and the sheriff-substitute sus- 
tained. (Lords Young, McLaren and Rutherford Clark.) 

England, 1888—-Ford v. Wiley. Acquitted by a board of five 
magistrates. Higher court held that conviction should have been 
entered. (Lord Chief Justice Coleridge and Mr. Justice Hawkins.) 

Scotland, 1891— Penton v. Wilson. Appealed to a higher court, 

18 
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and the two previous decisions unanimously confirmed. (The Lord _ 
Justice Clark, Lords McLaren, Trayner, Wellwood and Kyllachy.) 

Ireland, 1891— Newland v. McDonagh. Two magistrates refused 
to convict. Higher court sustained this decision. (The Lord Chief 
Justice, Mr. Justice O’Brien, Mr. Justice Johnson, Mr. Justice Holmes 
and Mr. Justice Gibson.) 


SUMMARY. 


In the United States, so far as we have been able to learn, all trials 
upon charges of cruelty to animals by dehorning have resulted in the 
acquittal of the accused parties. 

In Canada at least two trials resulted in the acquittal of the accused, 
but in a third trial the conviction of the parties resulted in the appoint- 
ment of a Government Commission which made a report strongly recom- 
mending the practice and urging the passage of the necessary legisla- 
tion to give it effect. 

In Great Britain there have been decisions on both sides. Those in 
Ireland and Scotland being in favor of the legality of the practice and 
those in England, notably that of Lord Chief Justice Coleridge and 
Mr. Justice Hawkins, against, Of twenty judges of higher courts who 
have passed upon the subject, sixteen declared the practice to be legal, 
while four pronounced it illegal. 


ON PREVENTING THE GROWTH OF HORNS. 


Ever since the practice of dehorning has come into favor it has 
seemed to many that if by some means the horns could be prevented 
from growing it would be for many reasons much preferable to remoy- 
ing the horns from full-grown animals. As several so-called ‘“ Chemical 
Dehorners ” have been on the market for some time, it has seemed well 
to undertake some experiments with certain caustic reagents to ascer- 
tain, if possible, if any could be relied upon to prevent the growth of 
horns. Accordingly on November 5, 1891, five calves were selected 
from the University herd for experimentation in preventing the growth 
of horns by the application of various chemical compounds. ‘These 
chemicals were compounded and either applied by or under the direc- 
tion of Prof. James Law, Professor of Veterinary Science. 

One of these calves was a thoroughbred Jersey; one a thoroughbred 
Holstein, and the remaining three, high grade Holsteins. 
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The following table shows the age and breed of the calf and the 
chemicals used on each horn: 


Calf No. 1...| Holstein..| 30 | Right horn, caustic potash. 
Left horn, caustic potash. 


Calf No. 2...| Holstein..| 34 | Right horn, hydrochloric acid. 
Left horn, sulphuric acid mixed with 
sulphur. 


Calf No. 3...| Jersey ...| 64 | Right horn, chloride of zine. 


Left horn, chloride of zinc. 


and carbolic acid. 
Left horn, chloride of antimony. 


.| Holstein..| 45 Right horn, chromic acid ointment. 
Left horn, chromic acid solution. 


Calf No. 5. 


Calf No. 4. ‘ Holstein..| 65 | Right ‘horn, sulphuric acid with glue 


The caustic potash applied to the horns of calf No. 1 was in the form 
of a paste and a liberal amount was applied to each horn. Only calves 
Nos. 1 and 3 suffered from the application; these apparently suffered 
considerable pain soon after the application and this pain continued 
until the second day; after that time all calves appeared bright, active 
and without pain. 

November 12th a careful examination of all the horns was made and 
the following conditions were noted: 


Calf No. 1.— Right horn, growth appar onus gesonet 
Left horn, a 
Calf No. 2.— Right horn, not affected. 
Left horn, growth apparently destroyed. 
Calf No. 3.— Right horn, not affected. 
Left horn, “ h 
Calf No, 4.— Right horn, not affected. 
Left horn, “ g 
Calf No. 5.— Right horn, not affected. 
Left horn, “ s¢ 
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The left horn of calf No. 4 was somewhat sensitive to the touch, but 
appeared to be perfectly healthy. As most of the horns treated were 
not affected by the reagents it was thought best to give them another 
treatment and by so doing to try still other chemical reagents; accord- 
ingly the following chemicals were applied: 

Calf No. 2.— Right horn, chloride of mercury and hydrochlorie acid. 


Calf No. 3.— Right horn, caustic potash. 
Left horn, caustic potash. 
Calf No. 4.— Right horn, chloride of mercury and hydrochl’c acid. 
Left horn, chloride of mercury and sulphuric acid. 
Calf No. 5.— Right horn, chloride of mercury and hydrochl’c acid. 
Left horn, chloride of mercury and sulphuric acid. 
The caustic potash applied to calf No. 3 was not so concentrated nor 
so much applied as to calf No. 1 in the first trial. 
An examination of all the calves Feb. 14, 1892, showed the condi- 
tions to be as follows: 


Calf No. 1.— Both horns destroyed. 


Calf No. 2.— Right horn not affected. 
Left horn destroyed. 


Calf No. 3.— Right horn not affected. 
Left horn not affected. 


Calf No. 4.— Right horn not affected. 
Left horn destroyed. 


Calf No. 5.— Right horn not affected. f 
Left horn not affected. 


It will be seen that the second application destroyed the growth of 
only one horn, the left horn of calf No. 4, and from the action of the 
different reagents on the calves of different ages it seemed evident 
that chemicals, to be effective in preventing the growth of horns and 
not make serious sores, must be applied early in the life of the 
animal. 

As caustic potash had proved the most effectual in these trials, it 
was used exclusively in succeeding experiments. Since the above 
experiments were made the growth of the horns on seven other calves 
have been successfully prevented by a single application of caustic 
potash to each horn, bat in no case was the application made when the 
calves were more than one momth old. Illustrations 1, 2 and 3 show 
the appearances of the heads after treatment with the various chemical 
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- agents. These illustrations were reproduced from photographs taken 
in December, 1892. 


a Fig. 1 is the head of calf No. 1, growth 
& of horns destroyed by caustic potash paste. 
Fig. 2 is the head of calf No. 2; left horn 

destroyed by sulphuric acid mixed with 

sulphur. ~ 


Fig. 3 is the head 
of a calf with horns 
destroyed by _ stick 

ee caustic potash applied 
in small quantity to the embryo horns early 

ais a in life. 

/ The results of all the 
experiments made at 
this station lead us to Woks 
believe that the use of caustic potash is by 
far the easiest, most humane and most cer- 
tain method of securing hornless cattle. 
; The best time to apply preventive reagents 

Fie. 3. is early in the life of the animal, just as soon 
as the little horns can be distinguished by the touch. The manner of 
applying caustic potash* is as follows: 


The hair should be closely clipped from the skin and the little horn 
moistened with water to which soap or afew drops of ammonia have 
been added to dissolve the oily secretion of the skin, so that the 
potash will more readily adhere to the surface of the horn. Care 
must be taken not to moisten the skin except on the horn where the 
potash is to be applied. One end of a stick of caustic potash is dipped 
in water, until it is slightly softened. It is then rubbed on the 
moistened surface of the little horn. This operation is repeated from 
five to eight times, until the surface of the horn becomes slightly sensi- 
tive. The whole operation need take only-a few minutes and the calf 
is apparently insensible to it. A slight scab forms over the surface of 
the budding horn and drops off in the course of a month or six weeks, 
leaving a perfectly smooth poll. No inflammation or suppuration has 
taken place in any of the trials we have made. The results of these 
experiments warrant the following recommendations: 


* Caustic potash comes in the form of round sticks about the size of a lead 
pencil. It may be had at any drug store and should be kept from exposure to 
the air asit rapidly absorbs}moisture. 
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_1. That for efficiency, cheapness and ease of application, stick 
caustic potash can be safely recommended for preventing the’ growth 
of horns. 

2. The earlier the application is made in the life of the calf, the 
better. 


PATENTED CHEMICAL DEHORNER. 


On March 16, 1898, we received from the John March Co., 17 & 
19 River St., Chicago, Ill, a circular concerning their “ Method of 
Dehorning easily, safely, perfectly and cheaply with the John March 
Company’s Chemical Dehorner.” Accompanying the circular was a 
bottle of the “ Dehorner” containing about a gill of clear liquid. The 
circular, besides setting forth the merits of the liquid and quoting numer- 
ous testimonials, laid claim to a patent granted July 12, 1892, “On 
method of preventing the growth of horns by applying any substance 
to the embryo horn to prevent its growth,” and warning all against 
infringement. 

The existence of such a patent with such sweeping claims was a 
great surprise to us, as various compounds intended to prevent the 
growth of horns had been largely advertised in the agricultural press 
for several years, and caustic potash had been publicly recommended 
for the purpose at least as early as February, 1892.* 

On looking the matter up it was found that patent No. 478,877 was 
issued July 12, 1892, to John March, assignor to the John March 
Company, on a Method of Suppressing Horns in Cattle, the important 
sp: cifications of which are as follows: 

“ Be ii known that I, JOHN MARCH, of White Oak Springs, in the 
county of Lafayette and State of Wisconsin, have invented certain 
Improvements in the Method of Suppressing Horns in Cattle, of which 
the following is a specification. * 7 % The object 
of my invention is to avoid the troubles and dangers attending the 
removal of a fully developed horn; and to this end it consists in effect- 
ing by chemical means the suppression of the horns while still in an 
embryotic or incipient stage. Ihave found, after many experiments, 
that it is possible by properly treating the young horn to arrest its 
growth, and this without in any way affecting or impairing the health 
or appearance of the animal in other respects. I have found that vari- 
ous chemicals and chemical compounds may be employed to accomplish 
my end. I recommend, however, the following composition of matter: 
Concentrated potash, one hundred parts; water, one hundred and ninety 


* « Dehorning Calves,” Indiana Farmer, Feb. 6, 1892. 
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parts; logwood, ten parts. The essential element of the composition 
is the potash, which may be used without logwood and of any suitable 
degree of attention. 

“In practice I commonly make use of the solution when the animal 
is from one to ten days of age. It is simply applied externally to the 
young or incipient horn by means of a brush or other instrument, and 
in most cases I find that a single application is sufficient to answer the 
purpose in view. . is x Having thus described my inven- 
tion, what I claim is: 1. The improvement in the art of suppressing 
horns in cattle, consisting in applying to the incipient horn a substance, 
substantially as described, to check its growth. 2. The improveme.t 
in the art of suppressing or eliminating horns in cattle, consisting 
in treating the incipient horn with potash, substantially as herein 
described.” 

The “ Dehorner ” was submitted to the Station Chemist, Mr. G. W. 
Cavanaugh, for analysis and his report is as follows: . 

“The sample of chemical Dehorner has been found on analysis in this 
laboratory to consist of a solution of 32.25 per cent of caustic soda in 
water. Caustic soda is worth 15 cents per pound and one pound would 
make about 1 litre of solution of the above strength. The bottle con- 
tains 1-10 litre and therefore the amount in the bottle would cost about 
14 cents.” 

The price given in the circular is $1.00 per bottle. 

Concerning the eflicacy of the “‘ Dehorner” there can be little doubt; 
caustic soda is almost identical with caustic potash in its caustic proper- 
ties and our experiments and those of others have shown caustic potash 
to be effective in preventing the growth of horns.* Moreover, experi- 
ments at the Wisconsin Agricultural Experiment Station have shown 
that the March Dehorner will do what is claimed for it. 

We are therefore inclined to the following conclusions: 

Ist. The John March Company’s Chemical Dehorner is undoubtedly 
effective for the purpose intended. 

2d. It is not made of the materials called for in the specifications of 
the letters patent. 

3d. It is sold at an exorbitant price. 

4th. There need be little fear of infringement of a patented article 
consisting of a single well-known chemical reagent, or of a method 


already so well known and advertised. 
I. P. ROBERTS. 
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I. Third Report upon Electro-Horticulture. 


For four winters we have made a study of the influence of the elec- 
tric arc lamp upon plants grown in greenhouses. The results of these 
investigations, so far as published, appear in Bulletins 30 and 42. 
During two winters the lamp was hung inside the house, and part of the 
time the light was naked and at other times screened by a glass globe, 
It was found that lettuce was greatly hastened in growth by the light, 
and various flowers were earlier and brighter under its influence. 
Many plants were injured by the naked light, but sustained no injury 
or were even benefited by a light which was modified by passing 
through an opal globe or even through common glass. It therefore 
seemed reasonable to expect that if the light were placed above the 
house the glass roof would afford a sufficient screen, and this feature of 
the investigation was the particular subject of the bulletin last year 
(Bulletin 42, September, 1892). It was found that radishes and other 
plants which were injured by a naked light inside the house and even 
by a light modified by an opal globe, were benefited by a light above 
the roof; and lettuce and flowers still showed a marked benefit from ite 
This experiment was repeated last winter and the results are given in 
the sequel. We also continued our observations upon the effect of 
colored glass screens interposed between the lamp and the plants for 
the purpose of ascertaining what part of the spectrum influences 
plants — an inquiry which we mentioned last year but upon which no 
report has heretofore been made. Finally, we have to-report a prelim- 
inary investigation to determine to what distance the influence of the 
light extends. 


Cauliflowers. 1. The Light above the House. 


We had already demonstrated to our satisfaction when our last report 


was made (Bulletin 42) that lettuce is much benefited by electric light 


passing through a greenhouse roof; and our experiments also showed 
that flowers may receive a like benefit. In short, no plants which we 
grew were injured by such light with the single exception of cauli- 
flowers, which were decidedly poorer in the light house than in the 
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dark one. The cauliflower experiment was confined to two dozen- 
plants, however, and we were naturally solicitous to repeat it upon a 
larger scale. This repetition we shall now consider. 

The lamp was hung over a house sixty feet long, and it was nine feet 
above the nearest point in the roof. It was hung midway the length 
of the house, and beneath it the house was divided by a curtain parti- 
tion. The lamp was surrounded by a clear glass globe, one side of 
which was painted a dense black in order to throw the light into the 
opposite compartment of the house beneath. By an arrangement of 
roof curtains, in connection with the moveable partition and the black- 
ened globe, one compartment was kept dark at night, while the other 
was well lighted. In the day time, the partition was withdrawn so 
that both compartments received equal conditions of heat and ventila- 
tion.* The central bed of the house, eight feet wide, was used for the 


cauliflowers in this experiment. The bed is solid; that is, a ground 


bed, having no bottom heat. Cauliflower seeds of three varieties — 
Extra Early Dwarf Erfurt, Gilt Edge Snowball, Early Snowball — 
were sown in “flats” or shallow boxes, August 24th. The plants were 
set in the bed October 4th, at which time they were about six inches 
high. The electric light was started a week later, October 11th. The 
light ran on an average from five to six hours each night. The follow- 
ing record shows the exact hours of light throughout the experiment: 


Oct. 11 to 15, ight ran from 5:30 toll p.M., or 54 hrs, each night. 
16, “3 NG CO or 5 ge er 
17 to 20, it < 5:30-to 11 or 53 f 
rR ota a MEST che Ar Ps | ak Uh Re pee 
22 to 24, 57 “5:30 to 11 ors; rs 
25 to 28, eS tee teal £7 WO ok or 6 hd * 
29 to Nov. 5, Be or Oe tO) B2808 OP aa! te te 
6, — 0) 
ig “ <4 5 to 9 or 4. “ 74 
8, es oop 66a hO or 5 coat aes 
9 to,. 20, ey PS tsp SOL A or 6 = ¥ 
21, My “* «4:45 to 11 or 6¢° ¢ 
22 to Babar) Silas een ae at: dal or 6. 2 haere 
26, SS 0 
27 to Bonk: CUES tod or6é «  & 
30, a OF ea MAD ed or 4 a ip 
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*The lamp was hung in the same position as shown in the illustration on 
page 135 of Bulletin 42, except that it was a few feet higher. House A B 
considerably remodelled inside, was used for the experiment. 
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100 days; 484) hours of light; average for each night, 4.8 hours. 

The lamp was the same pattern as that used for two preceding 
winters, a 10 ampere 45 volt Westinghouse alternating current lamp 
of 2,000 nominal candle power, 

The first heat was turned on the house October 25th. About this , 
time some difference began to be noticéd in the size of the plants in 
the two compartments, those in the light being ahead. On November 
Ist the plants in the light compartment were fully ten per cent larger 
than in the dark or normal room. The plants in the light gained 
slowly but steadily over the others in height and general appearance, 
but it was noticeable that they began to head later than the others. 
This fully corroborates the results secured from the small experiment 
of the year before. On December 9th there were 19 heads forming in 
the dark compartment, and only 12 in the other. The first cauliflowers 
were picked January 13th, and the harvesting continued at intervals 
fora week. The measurements of the plants at harvest were as follows: 


AVERAGE WEIGHT | AVERAGE DiAmM- | AVERAGE LENGTH 


oF PLANT. ETER OF H#apD. or Lona@est LEAF. 
WARIETY. 

Light. Dark. Light. Dark. Light. Dark. 

Ounces |. Ounces. ; Inches. | Inches. ; Inches. | Inches. 
Early Snowball.......... BaD AR Peal vd 9.8 | 11.48 
Gilt Edge Snowball...... Gr 6.26 1.8 | 2.4 LORD) OP eo 
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Review.— These averages are conflicting. The two strains of Snow- 
ball gave much larger heads in the dark house as shown by the aver- 
age diameter of the heads. This corresponds with the results obtained 
a year ago. But the plants — or leaves — were also longer in the dark 
house, which is opposed to former results. In one instance the plants 
averaged heavier in the light house, and in the other instance the 
figures are reversed. With Erfurt decidedly better results were 
obtained in the light house. The total average of the results shows 
that in size of head and length of leaves the light and dark houses 
gave about equal results. It was noticeable, however, that the plants 
under the light held their leaves more erect than the others. It is - 
probable that under the conditions of this experiment the electric light 
exercises very little pronounced influence upon cauliflowers. 


2. To what Distance does the Influence of the Light Extend? The 
Lamp inside the House. 


On the 25th of January, 1893, the curtain partition was removed 
from the greenhouse, and the electric lamp, without a globe, was hung 
inside at the extreme end of the house and about three feet above the 
soil in the cauliflower bed. A large mirror was hung behind it to throw 
the light down the entire length of the 60-foot rows. ‘The lamp can 
be seen in the further end of the house in Plate II. On the same day, 
young cauliflower plants were set in this bed, the old crop having been 
removed and the soil fertilized and thoroughly cultivated. These 
young plants were some two months old, and were about six inches 
high when set into the beds. The light ran as follows: 
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The plants standing near the light were injured by it. 
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By the 


‘middle of February, the leaves on the plants within four or five 


feet of the lamp were much curled and crinkled. On the first of 
March this curling was apparent ten feet from the lamp, and the 
plants were stunted and had amore strict or upright growth than 


those farther away. 


The same injury was noticed in lettuce 


plants which had been set between the cauliflowers, although it 
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was less marked. ‘The first heads to develop were noticed on Snowball. 


plants, March 21st, near the end of the bed farthest from the light. 
The first heads_were sold March 29th, from near the dark end of the 
house. The harvest was continued until May 1st, as demand arose, the 
largest heads being taken at each gathering. On the first day of May, 
all the remaining heads were picked. The table (page 132) gives 
the yield and measurements of the plants, proceeding from the light 
end to the dark end of the bed. There were five rows running length- 
wise the bed, Nos. 1, 3 and 5 being Dwarf Erfurt and Nos. 2 and 4 
Early Snowball. The plants were set about 16 inches apart, so that 
there were forty-one rows crosswise the bed, each row containing five 
plants, three of Erfurt and two of Snowball. The table shows the 
behavior of each variety in reference to proximity to the light, earli- 


ness, weight of entire plant without root, diameter of head when ~ 


picked, and length of the longest leaf. The plants which were 
harvested on May Ist, when the experiment had closed, are not 
included in these figures. 

Review.—While it is true that the very earliest heads were obtained 
from points far removed from the light, there does not appear to be 
any uniform behavior, so far as these measurements go, in reference to 
the light. Plants near the light were much injured, and it is only 
until the fifth or sixth rows are reached — or a distance of seven to ten 
feet — that plants and heads of normal size are procured. It must be 
said, however, that the lamp hung so low that beyond fifteen or twenty 
feet the plants were much shaded by their own leaves and by plants in 
front of them, and that the influence of the rays was therefore much 
broken. The general results, therefore, seem to indicate that the bane- 
ful influence of the naked electric arc lamp, of this pattern, is dissipated, 
in cauliflowers, at a distance of about ten feet, and that beyond that 
point the light appears to exert little influence. 


3. Experiments with Color Screens. 


It would be useful to know what parts of the speetrum produce the 
singular effects which we have observed in our experiments. The good 
results which follow the use of a clear glass screen indicate that some 
of the injury is wrought by the ultra-violet rays. It is supposed, however, 
that the orange rays promote assimilation and consequently may accel- 
erate growth. ‘Two yearsa go an experiment was projected to determine 
the behavior of plants under electric lights of different colors. -A lamp 
like the one used for the other experiments was surrounded by a six-sided 
frame, the back of which was a bright tin reflector to throw the light 
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strongly upon the plants, four of the front sides being supplied with 
plain, orange, blue and red panes respectively, and the remaining side 
being left open, with no screen whatever. 'The panes of glass used in 
these screens were the best samples of their respective colors which 
could be purchased. The blue, however, was really a purple, and the 
orange was a dark amber. Spectrophotometric measurements were made ~ 
of these panes under the direction of Professor E. L. Nichols, by Miss 
Mary C. Spencer, whose diagrammatic results are shown in the accom- 
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panying chart. The spectrum is represented below, by the familiar Fraun- 
hofer lines and by the relative positions of the different colors. The 
Fraunhofer lines are projected upwards by dots to show readily what 
portions of the spectrum are cut off by the various samples. The 
horizontal lines measure the amount of light of any color transmitted, 
in decimal figures. Thus it will be seen that the blue glass transmitted 
about ten per cent of the red rays, less than five per cent of the yellow, 
while it was almost perfectly transparent to the blue rays. The red 
pane transmitted nearly twenty per cent of the red rays, very few of 
20 ‘ 
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the rays lying between red and yellow, about seven per cent of the 
yellow rays, while all the blue rays were cut off. Amber transmitted 
about forty per cent of the orange rays, with a very small per cent of 
the green and none of the blue. The plain or white glass transmitted 
eighty per cent of the red rays, and sank to about seventy per cent of 
the blue rays. A portion of this color screen may be seen in the upper 
left corner of Plate I. 

The first year’s experiment was started late in winter, and little was 
learned from it except the proper methods of conducting the investiga- 
tion. Trays of germinating radish seeds, in soil, were placed in the 
various fields at equal distances from the arc, and the behavior of the - 
young plants was watched with interest. March 12, 1892, the plants 
being from one to three inches high and in seed-leaf, marked helio- 
tropism was noticed in the morning, even when the light had stopped 
burning at 11 o’clock the previous evening. In the naked light the 
young plants pointed strongly towards the lamp. The red and white 
lights produced a little effect in drawing the plants towards the lamp, 
while in the blue field the effect was scarcely perceptible and in the 
orange field it was none. On the morning of March thirteenth, the 
results were about the same, except that the red and white lights 
seemed to have had more effect than on the previous night. It was 
apparent that the smallest plants were those in the orange light. The 
next night the light burned but a short time, and on the following 
morning the plants all looked towards the sunlight. On the fifteenth, 
the heliotropism towards the lamp was again marked. The best plants 
were those in the naked light and the poorest those in the orange light. 

On the 7th of November, 1892, lettuce plants, for which the seed 
had been sown October third, were set in a ground bed eight feet wide 
and twenty-three feet long. A week later, the electric lamp, sur- 
rounded by the color screen, was hung in front of this bed, four feet 
above it and three feet from it. The light burned about five hours 
each night, usually from 5 o’clock until 11. December first there was 
no difference in the plants under the various lights, and the lamp was 
then transferred to the opposite side of the bed and hung only a foot 
and a half above it, as shown in Plate I. This change was made in 
order to bring the light nearer to the plants and also to bring all the 
five screens to bear upon the crop. In the former position only the 
red, blue and orange screens threw light upon the plants, the plain 
glass and naked sections being out of range of the bed. The position 
of the screens was also reversed in changing the lamp, save the blue, 
which occupied the middle portion of the frame. The light now began 
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to influence the plants, especially by drawing or bending them towards 
it. This heliotropism was most marked in the blue field, somewhat 
less in the orange or amber field, and a trifle less in the red. A week 
after the lamp was moved, this influence was manifest; but at this 
time neither the plain screen nor the naked light seemed to have made 
an impression upon the lettuce plants. ‘Three weeks after the moving 
of the light, however, decided differences had developed in the various 
fields. The plants in orange or amber light were the largest and best ; 
these were followed, in order, by those in the red, blue, plain and 
naked sections. The naked light had now begun to injure the plants 
seriously, a phenomenon which has been repeated throughout our 
experiments from the first. Karly in January auxanometers, for meas- 
uring the hourly growth of plants, were started under the naked light, 
and in the red, blue and orange fields, at equal distances from the arc. 
The machines were set in motion upon the fifth of January, each being 
attached to the tip of a growing leaf about an inch and a half in 
length. On January eighteenth all the machines were changed onto 
new leaves. During January the lettuce was making a heavy 
growth. The house had been kept very cool previous to this time 
and the plants had grown rather slowly, although they were in the 
best of condition throughout the experiment. The variety was 
Simpson Curled. The accompanying table (page 156) is a graphic 
representation of the auxanometer readings. The bars show the 
growth in the different fields for the hours specified, magnified — 
to render it more readable — about three times. The number of hours 
of electric within the specified time is shown at the extreme right. The 
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short growth under the naked light is apparent at a glance. The 
red. field gave second poorest results in the early part of the test, but 
it made remarkably large growths later on. At the time when 
these readings were begun, the orange lights had the largest plants, 
and the crop graded off through the red, blue and plain lights; but 
about the 20th of January the differences were seen to be disap- 
pearing. The small plants were catching up when the experiment 
was closed, January 31st, all the fields were of nearly equal size, » 
except the naked light plants which were still weak and small. Plate 
I showed at the right the very small plants under the naked light, as 
compared with those in the red, next to them. In other words, the 
plants in the orange field were earlier than others during the greater 
part of their life, but they ceased to hold their own when the crop 
approached maturity. It is impossible to say why the different lights 
should have exerted more equal effects when the plants began to 
spread and to attain a mature condition, but such appears to be the 
fact. Some of this equalization of growth may have been due to the 
greater number of hours of sunlight in February, and to a slight fall- 
ing off in the hours of electric light. While the auxanometer records 
show wide differences at first, therefore, the general average growth of 
the entire period is very much alike in all the examples. 

The second crop of lettuce was placed in the bed March 2d. 
This was Grand Rapids Forcing. The light was started on the 
8th and ran until April 25th. Essentially the same differences 
were noticed as in the last experiment, except that they were much 
less marked, owing to the greater number of hours of sunlight and the 
fewer hours of electric light. When the light stopped, all the fields, 
except the naked light, were in about equal condition. 

Review.— This experiment seems to show, therefore, that lights of 
different colors exert decided influences upon radish and lettuce plants 
early in their growth; but these differences tend to disappear as the 
plants approach maturity. ‘The naked light, as usual, was very injuri- 
ous to the plants; but in no other case was the influence of the light 
sufficiently marked to make any important difference in the value of 
the crop. 

Arrangements are now being made to grow plants in a spectrum 
during the coming winter. 


Il. Winter Cauliflowers. 


There is probably no vegetable which is capable of profitable forcing 
in America concerning which so little has been written in reference to 
its treatment under glass as cauliflowers. It is true that the literature 
of vegetable forcing is very meagre in this country, and it is therefore 
little wonder that the cauliflower, which is scarcely known as a winter 
crop outside the establishments of wealthy persons who employ 
gardeners, should have received so little attention from writers. Our 
own experience in the forcing of cauliflowers for winter use extends 
over only three winters with four crops; but inasmuch as the first crop 
was a failure and the last were very successful, the narrative may pos- 
sess some value. It should be said here that in speaking of the forcing 
of cauliflowers I refer to the practice of growing them under glass to 
maturity in the cold months, and not to the much commoner practice 
of growing them toa large size under frames or sash-covered houses and 
stripping the sash off upon the approach of warm weather and allowing 
them to mature without cover. Our first crop was attempted in the 
winter of 1890-91. ‘Lhe seeds were sown in “ flats ” or shallow boxes, 
and the young plants were transplanted into pots. When the plants 
were eight or ten inches high they had been shifted to 8-inch pots, and 
knowing that the cauliflower delights in a low temperature, the pots 
were set upon the ground in a cool lean-to house, where the tem- 
perature often went below 40°. The floor of this house was cold and 
wet, and it was soon evident that the plants were suffering. They were 
removed, therefore, into an intermediate temperature. Growth soon 
began again and small heads began to form before the plants had 
reached the proper size. These heads, however, soon split or “ buttoned ” 
and none of them were merchantable. The lesson was evident. The 
plants had been checked, and under the sudden stimulus of a new 
growth the premature heads were ruptured. The experiment was 
repeated the following winter in a small way, the attempt being made 
to keep the plants in a uniform condition of vigor and growth through- 
out their life time. This attempt was successful, and it lead to two 
larger experiments of the past winter. In this second trial, the plants 
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were grown in 6-inch pots, but this was thereafter abandoned as too 
expensive. 

The house in which the two crops of last winter were grown is a low 
two-thirds span, facing the south, 60 feet long by 20 feet wide. It is 
built upon a side hill, and it has three benches, the two lower ones 
being used for the cauliflowers. The lowest bench, against the south 
wall, has a board bottom underneath seven or eight inches of soil and 
is supplied with mild bottom heat from two and 14-inch steam pipes. 
The main or central bench, seven feet wide, is solid; that is, it isa 
ground bed and has no bottom heat. The soil in this bed is about eight 
inches deep and it :es8ts upon a natural subsoil of very hard clay. The 
soil in both beds was placed upon them last fall, and it was made of 
good garden loam with which a very liberal supply of old manure was 
mixed. One load of manure mixed with three or four of the earth 
makes a good soil; and if it is somewhat heavy or pasty, sand must be 
supplied to it to afford perfect drainage and prevent it from getting 
“sour” or hard. We prepare soil for all winter vegetables in essen- 
tially this manner. The lower bed, which had bottom heat, did so 
pootly under both crops that I shall dismiss it at once from this account. 
The plants were later than those in the solid bed and never equalled 
them in size and percentage of good heads; and they were conspicuously 
lacking in uniformity. So few good heads formed that the bed did 
not return the labor expended upon it. 

Seeds for the first crop were sown in boxes on August 24th. The 
plants, having been once transplanted, were set in the beds October 4th 
and 5th, about 16 inches apart each way. Three varieties were used,— 
Extra Early Dwarf Erfurt, Gild Edge Snowball and Early Snowball, 


‘all supplied by J. M. Thorburn & Co. 


The plants were watered two or three times a week, as occasion 
demanded, and the ground was frequently stirred with a hand 
weeder. An abundance of air was given during the day, a row 
of small ventilators along the peak of the house being thrown 
open even in sharp weather if the sun was bright. From 60° to 70° 
during the day and about 50° at night were considered to be the ideal 
temperatures, although in very bright days the mercury might register 
80° for a time and the night temperature several times sank below 40°. 
There was a tendency for the plants to damp off soon after they were 
set, but care in not watering too much and in giving an abundance of 
fresh air seemed to keep the trouble in check; and new plants were set 
into the vacancies. We were obliged to contend with two other 
enemies, the green-fly or aphis, and the common green cabbage worm. 
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The aphis are readily kept in check by tobacco smudge. The first 
cabbage worms were noticed November 21st, and for a couple of weeks 
they had to be carefully picked. The boxes of young plants had stood 
out of doors during September and it is probable that eggs were laid 
upon the plants at that time. 

The first week in December heads were beginning to form. The 
first heads were sold January 13th, four and a half months from the 
sowing of the seed. The Erfurt gave the earliest and evidently the 
best results. The plants had been checked somewhat late in their 
history by very dark weather and possibly by some inattention in 
management, and many of the heads began to “button” or to break 
into irregular portions with a tendency to go to seed. The house was 
needed for other experiments, and on January 20th the plants were all 
removed. At this time nearly three-fourths of the crop had matured 
sufficiently to give marketable heads, although many of the heads were 
small. Winter cauliflowers, in common with all forced crops, should 
be harvested when small, for products of medium or even small size 
sell for nearly or quite as much as large ones in winter, and the cost of 
raising them is much less. A head four inches across is large enough 
for January sales, and many of the heads which we sold were consid- 
erably smaller than this. These heads sold readily at our door for 
twenty cents apiece. 

January 25th, 1893, a second crop of cauliflowers was set in the beds, 
comprising Karly Snowball and Dwarf Erfurt. Seeds for this crop 
were sown in flats October 21st. @n November 5th the plants were 
transplanted to other flats, and on December 16th shifted to 3-inch pots, 
where they remained until set in the bed. On April 8th the plants had 
reached the size shown in the photograph in Plate II. At this time 
they completely covered the ground and choked out lettuce which we 
had placed between them. About the 20th of March heads were found 
to be forming in the Early Snowball. In the former experiment Erfurt 
gave the first heads. A week later than this, Snowball had heads 
three to four inches in diameter while Erfurt showed none. The first 
heads were sold on the 29th of March, about five and a third months 
from the time of sowing. It will be observed that the time between 
sowing and harvest is greater in the second crop than in the first. This 
is because the plants were wholly grown in the dark and short days of 
mid-winter. It should be added, also, that the climate of Ithaca is 
excessively cloudy and that the forcing of plants presents special difti- 
culties here. An attempt was now made to keep the plants in a uniform 
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but not exuberant state of vigor to prevent the heads from buttoning. 
The crop held up well and on the Ist of May, when the experiment 
closed, there were many merchantable heads unsold. Ninety per cent 
of the plants made good heads, which is a very large proportion, even 
for the best field culture. In this crop, the heads were allowed to 
attain a larger size than in the mid-winter crop, the average diameter 
being about six inches. A*good. head of Snowball is shown on page 
145. It is rarely necessary to bleach the heads, as is done in field 
culture. Late in the season, in April, it may be necessary to break a 
leaf down over a head now and then to protect it from too hot sun, 
but ordinarily the heads will be perfectly white under glass, when full 
grown. The house in which these plants were grown is glazed with 
single thick, third quality glass. The heads are as sweet and tender as 
the best field product, and we have never grown a crop under glass, 
either of vegetables or flowers, which was so satisfactory and which 
attracted so much attention as these crops of cauliflowers. As to varie- 
ties, there is evidently little choice between the Erfurt and Snowball 
strains. In the last and most successful crop, the Early Snowball was 
the earlier, but otherwise it had little if any superiority over the other. 

We endeavored to grow lettuce between the cauliflowers but it was 
soon choked out by the dense growth of the large plants and was not 


' successful. The two borders of the beds grew good crops of mustard, 


however, which makes delicious “ greens” in winter. For this purpose 
we like the Chinese mustard. 

Summary.— Cauliflowers are easily grown as a winter crop if they 
are kept in vigorous and uniform growth. They need a rich soil, care- 
ful attention to watering, cultivation and ventilation, and a cool tem- 
perature like that employed for lettuce. They appear to thrive better 
without bottom heat than with it. The Early Snowball and Erfurt 
strains force well. Plants should be set in the beds when from six 
weeks to three months old, according to the season of the year, and 
from four to five months elapse before the first heads are fit for market. 
The heads ordinarily require no bleaching, and they are ready for sale 
when from four to six inches in diameter. 
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III. Second Report Upon Some of the Comparative 
Merits of Steam and Hot Water for Greenhouse 
Heating. 


In the winter of 1891--2, a series of tests was made to determine some 
of the relative merits of steam and hot water for the economical and 
efficient heating of forcing-houses. The conclusions of the experi- 
‘ment — which are published in Bulletin 41 — were to the effect that 
steam is perhaps better for large foreing-houses, for several reasons.* 
Our experiments have been severely criticised, especially upon the 
score that the hot-water boiler which we used is a poor machine for the 
purpose. The experiment was repeated during the last winter with 
great care, but in this instance one boiler was used for both steam and 
hot water. That is, for a certain season it was run with water, and 
then for a season with steam. No change whatever was made in the 
heater or the piping when these transfers were made except to shut 
off the expansion tank when steam was used. This expansion tank 
was a large pail standing about four feet above the heater and con- 
nected with it by an inch pipe, which was closed by a valve. The 
heater is a small portable machine designed exclusively for hot water; 
and in order to make a shift for a steam dome, a piece of 4-inch gas 
pipe 14 inches long was secured vertically to the top of the heater. 


* The conclusions were as follows: 

1. The temperature of steam pipes averaged higher than those of hot water 
pipes, throughout the entire circuit for the entire period of test. 

2. The higher the inside temperature in steam pipes the less is the proportion- 
ate warming power of the pipes at a given point. The heat is distributed over 
a greater length of pipe, and as steam is ordinarily carried at a higher tempera- 
ture than hot water, it has a distinct advantage for heating long runs. 

3. When no pressure is indicated by the steam gauge, the difference between 
the temperatures of the riser and the return, is greater with steam than with 
hot water. 

4, Under pressure, the difference is less with steam than with hot water. 

5. There is less loss of heat in the steam risers than in the hot water risers, 
and this means that more heat, in the steam system, is carried to the farther 
end of the house and more is spent in the returns as bottom heat. 

6. This relation is more uniform in the steam risers than in the hot water 
risers, giving much more even results with steam than with hot water. 


GreEeEnHOousE Notes. 163 


The piping was all designed for hot water; that is, the highest 
points in the risers or flows were at the further extremities of the 
runs. All the conditions, therefore, were decidedly in favor of hot 
water; and whatever advantage steam may have had in our first 
experiment, it was much overbalanced in the present investigation. 
This little heater was used to warm a small cool house, used for let- 
tuce and other plants requiring similar temperature, and comprising a 
ground area of 432 square feet. It is a lean-to house, facing the south, 
with the back wall 9 feet high. Thermometers were let into the pipes 
for the purpose of obtaining inside temperatures, after the manner 
explained in Bulletin 41. These experiments were conducted by 
Fred W. Card, Fellow in Horticulture, who made the former investi- 
gation, and the remainder of this paper comprises his accounts of the 
subject. 

Methods.— The experiments of the present season were made in a 
lettuce house about 16x27 feet in size, with ground beds and a 
lean-to roof. It is protected on the west, north and east sides 
by the general work-room; a solid wall of earth, and a cool pit 
respectively, leaving only the south side and roof exposed, both 
of which are covered with third quality single-thick glass. The 
same boiler and the same piping served for all tests except the last 
one of both steam and hot water, when a long run was added, to test .: 
the results of a more extended circulation. The only change ever 
made in the apparatus was the removal of the expansion tank when 
steam was used. This tank was placed near the roof of the work- 
room and was about 9 feet above the top of the boiler. The level of 


7. When the fires are operative, the fluctuation in the temperature of the 
risers at any given point is much greater with hot water than with steam. 

8. An increase in steam pressure raises the temperature of the entire cir- 
cuit, but the temperature does not rise uniformly with the pressure. 

9. The first application of the pressure increases the temperature of the 
returns much more than that of the risers. 

10. Steam is better than hot water for long and crooked circuits. 

11. Pressure is of great utility in increasing the rapidity of circulation of 
steam, and in forcing it through long circuits and over obstacles. 

12. Unfavorable conditions can be more readily overcome with steam than 
with hot water. 

13. Hot water consumed more coal than steam; and was at the same time 
less efficient. This result would probably be modified in a shorter and 
straighter circuit, with greater fall. 

14, Under the conditions here present, steam is more economical than hot 
water and more satisfactory in every way ; and this result is not modified to 
any extent by the style of heaters used. 
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the walk in the house is but two or three inches above that of the work- 
room floor, on which the boiler stands, but the tops of the beds rise 
several inches higher. This necessitated overhead heating entirely, 
and gave insufficient fall for any system to work well. The pipe con- 
tained numerous angles and was a decidedly difficult series to heat. 
The heater used was a small hot water boiler, known as the Novelty 
Circulator, made by the Abram Cox Stove Co., put up in sections and 
not suitable for steam heating, for which purpose it should have been 
provided with a steam dome and greater evaporating surface, while as 
put up there is nothing but a short piece of four-inch pipe to take the 
place of this. The general slope of the pipes was also better suited to 
the flow of hot water, as generally recommended. 


Diagram of the Apparatus. 


The boiler was placed in the work-room just outside the house to be 
heated, but separated from it by astone partition. The above engray- 
ing shows the relative positions of the series. Three risers are 
taken from a horizontal pipe lying on top the steam dome at the top of 
the boiler, and pass directly through the partition into the house. 

Riser C runs from this horizontal pipe, 44 ft. east horizontally into the 
house, then rises 6 in., then rises obliquely 6 ft. 10 in., passing to 
northwest corner, eastward 26 ft., near the roof with slight rise to 
opposite end, then falls 34 feet vertically downward. Connected with 
this is a lower loop, D, starting 6 in. from the northwest corner, which 
drops vertically 3 ft. 6 in., then extends 25 ft. 9 in. eastward to the 
perpendicular drop just mentioned, entering it 4 in. above the bottom. 
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Continuing from here, run C extends 4 ft. south, 4 ft. east into cool 
pit, 3 ft. south, 44 ft. west into house again, 64 ft. south to southeast 
corner of house, 26 ft. 3 in. west to southwest corner, 6 in. north 
obliquely downward, where it is enlarged to a 2-in. pipe and continues _ 
7 ft. 3 in. further in the same direction, 2 ft. 4 in. west, 1 ft. south, 10 
in. west to boiler. 

Riser B extends 6 ft. 8 in. east, 2 ft. 8 in. north obliquely upward, 
21 ft. east to within 3 ft. of opposite end. An extra crook was put in 
this riser January 31, giving measurements 4 ft. 5 in. east, 2 ft. 3 in. 
north, 3 ft. 3 in. east, 2 ft. 3 in. south, 13 ft. 2 in. east. in place of the 
21 ft. straight east. This crook or offset was made for the purpose of 
testing the effect of angles or “ corners” in the flow of hot water and 
steam (page 170). Return falls 9 ft. 8 in. south obliquely downward, 
23 ft. 2 in. west to southwest corner, 4 ft. north obliquely downward, 
2 in. down to the 2-in. pipe of C, entering it 3 ft. 4 in. from where the 
2-in. pipe begins. The drawing does not show this last connection 
just where it should be. 

Riser A extends straight east 28 ft., entering riser B 5 ft. 10 in. from 
the bend at the southeast corner of house. 

The long run added March 14th, extended 2 ft. 8 in. vertically 
upward, 9 ft. 9 in. northwest, 72 ft. west to west end of a radish house, 
rising gradually the whole distance, 63 in. vertically downward, 79 ft. 
east with gradual fall to east side of work room, 6 ft. south, 4 ft. 6 in. 
down vertically, 4 in. south to main return 6 in. from boiler. 

All the runs are 1} in. pipe except the last of the general return 
as indicated in the description of series C. 

The three risers passing into the test house were about 3 ft. 3 in. 
above the general water level of the boiler as kept for steam. This 
fall was so slight that this water level cut the oblique 2-in. return 
about at the top of the T., where the return from risers A and B 
entered it, thus leaving a 2-in. column of water extending out about 
8 ft. from the boiler, part of this distance being horizontal and part 
oblique. 

All thermometers in this test were inserted in the pipes, being packed 
with rubber in nipples of 4-inch pipe which were in turn screwed into 
the heating pipes. They were located as follows:—No. 1 in the 
4-inch pipe, which served as a steam dome for the boiler; No. 2 in the 
left riser (C) at the upper northeast corner of the house; No. 3, in this 
same run inside the cool-pit just before the pipe re-enters the house; 
No. 4 in the middle riser, B, close to the end farthest from the boiler; 
No. 5, in the same way at the end of the right riser (A); No. 6 in the 
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upper return in the south side of the house near southwest corner; No. 
7 just below it in the lower return. 

Three series of general comparisons were made between hot water 
and steam. From December 29th to January 16th, the apparatus was 
used for hot water; from January 16th to February 10th, it was used 
for steam. February 10th to 23d, hot water; February 24th to March 
13th for steam. March 16th to 24th for steam; March 25th to April 
Ist for hot water. The last couplet concerns the comparative tests on 
the length of the run as influencing the behavior of steam and 
hot water. 

Comparison of out-door and in-door temperatures. 
HOT WATER. 


Dec. 29 to Mar. 25 to 

Jan.16. Feb. 10-23. April 1. 
Average minimum night temperature indoors.... 48 15-16 50 3-11 52 1-3 
i A i Re outdoors... 81-12 19 3-11 2823 
DTOKONe s 2... Gita ilies aja 6S 40 41-48 31 23 2-3 


Jan. 16 to Feb. 24to Mar.16to 


Feb. 10. Mar. 13. Mar. 24. 
Average minimum night temperature 
ATV ERG ONES. 12%, |e fee ovaue 6 ig V-Bnetb a ate re jad ofa, 5k 4611-17 51 5-7 47 
Average minimum night temperature 
SAPUDEVOIOTA |<: Siscap Apes ol aleleratalotays,'s aieie ehalats 1610-17 22 3-7 25 4-7 
DEE OTENGCE OS Beppe oe oa oie bes sie eins ban oh 301-17 29 3-7 22 8-7 


This table shows a slightly greater efficiency of hot water in main- 
taining a difference between the minimum night temperature outside 
and in the house. It will be noticed that the greatest difference occurs 
in the first hot water test. This was during very cold weather, the 
outside temperature being frequently below zero, and these were the 
mornings which naturally showed the greatest difference between the 
outside and house temperature; so that all of this greater difference 
can not justly be attributed to the geater efficiency of the hot water 
heating. 

Coal consumption.— The coal used during the test was anthracite, 
egg size, all of which was weighed as used; the following table shows 
the amount used each day throughout the season. 


HOT WATER — FIRST TEST. 


Dec. 22, 140 pounds. Jan. 5, 100 pounds. 
23, 5 6, 75 
24, 75 7, 75 
25, 75 8, 100 


Dec. 


Jan. 


Feb. 


Mar. 


Jan. 


26, 


29, 


I 


J 


m C bO 
“ 


28, 


75 pounds. 
75 
100 
85 
75 
100 
75 
100 
75 
75 


100 pounds. 
75 
75 

125 

100 

100 

125 

125 


150 pounds. 
100 
125 
100 
125 


50 pounds. 
100 
100 
100 
100 
100 
100 
100 
100 

75 

75 

75 

75 

75 
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Jan. 9, 100 pounds. 


10, 100 
11, 100 
12, 100 
13, 100 
14, 100 
15, 100 


Total first hot water test, 2250 
Average per day, 90 
SECOND TEST. 
Feb. 18, 125 
19, 125 
20, 125 
21, 100 
22, 100 
23, 125 


Total second hot water test, 1525 


pounds. 


Average per day, 10843 


THIRD TEST. 
Mar. 30, 100 


31, 125 

Apr. 1, 125 

Total third hot water test, 950 
Average per day, 1883 


STEAM — FIRST TEST. 


pounds, 


Jan. 30, 100 pounds. 


31, 125 
100 
125 
125 
125 
125 
100 
100 


Feb. 


—_ 
I ~) “ 


~ 


~) 


~) 


CO ST OD Or IP & b 
_ 
oS 
oS 


= 
(=) 
i=) 


Total first steam test, 2450 
Average per day, 96 
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SECOND TEST. 


Feb. 24, 125 pounds. Mar. 7, 100 pounds. 
25, 100 8, 100 
26, 75 9, 100 
24, 75 10, 100 
28, 100 11, 100 
Mar. 1, 100 12, 100 
2, 100 13, Disconnected 
3, 100 14, 150 
4, 125 
5, 100 Total second steam test, 1825 
Gy" 15 Average per day, 101% 
THIRD TEST. 
Mar. 15, 100 pounds. Mar. 22, 100 pounds. 
16, 125 23, 100 
17, 100 24, 100 
18, 125 aeons 
19, 125 Total third steam test, 1100 
20, 100 Average per day, 110 
21, 125 
Total coal consumption with steam, forty-seven days........ 4725 
MAVCRAMO OL AY sis 6/0 Sino Hs olegcin teal ooi8 onahel atte rere te ate tapes 10025 
Total coal consumption, hot water, fifty-three days.......... 5375 
PROM ATONBOR OAV 5\2' a's 1ai40) ain Gr slg cfs « C140) ceo oda a ote Cite cera 10122 


Fluctuation.— The detail record of temperatures showed that the 
fluctuations both with steam and hot water were unusually large. This 
is largely owing to the small size of the plant and its inadaptability to 
steam heating. The expansion tank was small and would sometimes 
boil over, and reduce the amount of water so much that after cooling 
somewhat, there would not be suflicient water to fill the pipes, while 
with steam the conditions were such that a uniform and satisfactory 
circulation could not be insured without a small amount of pressure, 
which could not be maintained. 

Influence of pressure.— The effect of pressure can not be more forci- 
bly shown than by giving the average temperature of all the ther- 
mometers for the fifteen steam readings when the steam gauge showed 
a pressure of 1 lb. or more, and comparing these with the general 


GREENHOUSE Norss. 168 


averages throughout the test as shown (on page 170) in a majority of 
cases when no pressure was present. 


Av. temp. at boiler with 1 lb or more pressure............. 2138 2-15 
“ of thermometer No. 2, RiserC, 1]bormorepressure 214 7-15 
se Tat NR No. 3, Riser C, - 3 202 11-15 
BN Se « No. 4, Riser B, « «<  912* 8215 
ebarycn eth 7 <6 « No. 5, Riser A, « C8 Oa os 
i Ce - No.6, Upper return B,“ if 205 3-5 
ae per act es No.7, Lower return C,“ * 162 3-5 


These figures fully agree with the results obtained in the tests of the 
previous winter, and demonstrate the utility of pressure in forcing steam 
through long and unfavorable circuits. The observations then made 
as to the effect of different rates of pressure on the temperature witHin 
the pipes were as follows: 


1 lb of pressure increases the temperature.......... 1—3° 
2 lbs a Nodak AE Re 3—4° 
3 lbs - i. Tay Bag ee ares eRe 5—8° 
5 lbs a * Rt cider cf onus 12—14° 


These figures only roughly approximate the temperature under dif- 
ferent rates of pressure, and the ratio is not wholly a constant one in 
practice, but in a general way about the same ratio holds good in the 
present tests. 

The average temperature of the thermometer in the lower return is 
far below that of the others as well under pressure as without, and this 
difference was more noticeable towards the last of the test. This serves 
as a good illustration of the bad effect of uniting returns before they 
are carried below the water level of the boiler. The water level of the 
boiler reached about to the point where the upper return dropped into 
the oblique 2-inch pipe of the lower one, and doubtless whenever the 
water was low enough to admit of an air connection here, the steam 
returning from the upper one would serve as a trap to shut off the cir- 
culation from the lower, a fact which was frequently demonstrated by 
closing the valve of the upper return, when a circulation would at once 
develop in the lower one, with a very sudden rise in the temperature of 
that thermometer. In the latter part of the season the water was kept at 
a lower level to provide more space for the formation of steam in the 
boiler, and this difficulty was more noticeable. 

Influence of creoks and angles.—As previously explained (page 165), 
a section was cut from the middle riser, b, Jan. 31, and re-connected 2 
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ft. and 3 in. beyond by pipes at right angles, thus introducing four 
extra angles in this riser. The following table shows the average 
temperatures at the boiler and at the east end of this riser in the steam 


and hot water tests just preceding and following this change: 


HOT WATER. 
Dec. 22—Jan. 16, without extra crook. 


average temperature boiler 63.0060 shag cee cide sales © see loo 
i TIKEE, CASE NEMO, jaiet abl. itecgie te maid ae e 145 


Feb. 10-23, with extra crook. 


miyerare temperature WOUer. 6..2 aisles sls,s vs, ee Satara ore, ebelall 178 
re i TISEr CASE CNG ihc /conk stusia Mires oc ee 131 
’ STEAM — GENERAL AVERAGE, 


Jan. 16-81, without extra crook. 


Average temperature boilers. '/t\-) 33.6 e. Sake ees 206 

3 rf TISOY Cast [EMG 00. )u velcro ce yee Mee 187 
Jan. 31-Feb. 10, with extra crook. 

myerage temperature boiler .'-'...\5..) js ja 2/ais eyes osm apes e sje 200 

is i Fiserjeashend SLs aoe setae ake 135 


STHEAM—1 LB. OR MORE PRESSURE. 
Jan. 16-31, without crook. 


Average temperature boiler. sii. .ce. cece ale eeess oyna 

ih ey riser east vend .8.¥,.cn Sino kee 212 
Jan. 31—Feb. 10, with crook. 

myerage temperature DOLMeT i. s,s eee oi 1 ce omnis sees 211 

< i FISCY CASE SOT 4 saicyeye lve haya c =)5 005 nce 212 


STEAM — NO PRESSURE. 
Jan. 16-31, without crook. 


mvyerage remperature Doller..). 6. Ses asses ocelot ees cece 204 

i if TISOT Gast, CHE)... cir cme sini atten iele ine 184 
Jan. 31—-Feb. 18, with crook. 

mAverage temperature bpiler.. .../4.)./ veiee ns aes be» » te 193 

ff os Tisereast: OHA ij ds-. ower Salniom re 123 


14-43 
10-43 


6-11 


18-23 


8-21 


1-21 


1-3 
5-21 


1-4 


4-5 


3-11 
3-11 


This shows that, taken as a whole, these extra angles impeded the 
circulation of steam more than of hot water. But if we compare the 
temperatures taken under one or more pounds prsesure, as in the third 
part of the table, it is seen that there the extra angles have no percept- 
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ible effect, while if only the readings taken with no pressure are aver- 
aged, as in the last part, the difference is very great. 

This shows that crooks and angles impede the circulation of steam 
under pressure much less than of hot water, and emphasizes the utility 
of pressure in forcing steam through long and crooked circuits; and 
it also enforces the great value of steam over hot water in all places 
where difficult runs are necessary, and where additions and alterations 
are likely to be made to the house. 

When the long run was added, March 16th, it was necessary to 
raise the expansion tank above the roof, which increased the water 
pressure to an average of 34 pounds. The average difference 
between the temperature at the boiler and the east end of the middle 
riser, was less in this test than in the previous one with hot water, 
after the addition of the extra crook, but this may have been purely 
accidental, rather than due to any beneficial effect of the greater pres- 
sure afforded to the tank. 

Time required to heat up each system.— 


Hor Water. 


5 ; ; i 5 z 

3 | 8. | 8 ; Z 7s z m 

nd Nar= ed easel re eta |= Bt PWR c= 

< a wo a ° ° ° ° o 

o |@Siessivg|) a iM | RA] Rs) A 

ue rs - nm Saal - fey J 

S On Wave is = (0) © © © o 

° d=] = A) ie A= | 5 Ae A=] 

a cs & ey <9 ky & cs ion 
TP UNIG). (alo, 0 aot Ebiaieiaretsiate eteraie mies veeeeeeee {11.10 [11.25 [11.40 11.55 |12.10 ]12.25 |12.40 |12.55 1.10 
- Boiler thermometer No. 1............- 53° 83° 89° | 110° | 145° | 160° | 175° | 192° 204° 
Boiler thermometer No 2..........05. 45° 52° 78° 87° | 119° | 139° | 147° | 153° 180° 
Boilor thermometer No. 3 ........0+ 45° 45° 619 (A 95° | 118° | 123° | 140° 155° 
Boiler thermometer No. 4........+++.| 45° | 71° 82° | 98° | 182° | 141° | 141° | 131° 187° 
Boiler thermometer No. 5...........+. 45° 50° 68° 60° 1, 1079 | 125° In1282 T2002 154° 
Boiler thermometer No. 6........... ; ABN DICE wee 82° | 108° | 118° | 116° | 107° 135° 
Boiler thermometer No. 7.........+. silt 2 aOe 5Le 59° [2° 91° | 132° | 120° | 138° 147° 

STEAM. 
Fire 20 Fire 30 Fire 40 
minutes. minutes. minutes. 

RTE SAR ee ay Seg by ot Lat PCO Bene RCA Pe Me 5.55 P. M. 
Boiler thermometer No. 1........ 152° 206° 210° 
Boiler thermometer No. 2........ cold* cold* 212° 
Boiler thermometer No. 3........ cold* cold* 195° 
Boiler thermometer No. 4........ 53° 53° 209° 
Boiler thermometer No. 5........ cold* cold* 210° 
Boiler thermometer No. 6........ 51° 51° 209° 


Boiler thermometer No. 7........ 49° 49° 207° 


* Low temperatures can not be accurately given in all cases, because the thermometers were 
inserted into the tubes so far that they could not be read below about 50 degrees, 
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These tables show that with this small plant, the hot water circula- 
tion began almost at once after the fire was started, but required 
nearly two hours to reach a point where it would give off much per- 
ceptible heat to the house. With steam, on the other hand, no effect 
was shown in the pipes thirty minutes after the fire was started, but in 
forty minutes they were all giving off heat at their ordinary capacity. 
While hot water moved off first, steam reached the goal the quicker. 

Influence of length of pipe.— By taking the averages for the final 
test under each method, with the long run added, (see pages 164, 165), 
it was found that in passing through some 84 feet of pipe to the 
further end of this run, the hot water lost 54 8-13 degrees of heat 
' swhile the steam lost 7 1-15 degrees, showing that the distance to be 
traversed is a much more important consideration with hot water than 
with steam. This run was put up in the way supposed to be best 
adapted to hot water circulation, namely, highest at the point farthest 
from the boiler, and it had an abundant fall. 


CoNCLUSIONS. 


Under the present conditions, which, as previously stated, were 
strongly in favor of hot water, the following results can be deduced. 
It will be observed that they confirm several of the conclusions of 
last year. 

1. Hot water maintained a slightly greater average difference 


between the minimum inside and outside night temperature than steam. 


2. There was practically no difference in the coal consumption 
under the two systems. 

3. With a small plant like this, the fluctuations under both sys- 
tems are much greater than in larger ones, and neither proved very 
satisfactory. 

4, The utility of slight pressure in enabling steam to overcome 
unfavorable conditions is fully demonstratéd. 

5. The addition of crooks and angles is decidedly .disadvan- 
tageous to the circulation of hot water and of steam without pres- 
sure, but the effect is scarcely perceptible with steam under low pressure. 

6. In starting a new fire with cold water, circulation commences 
with hot water sooner than with steam, but it requires a much longer 
time for the water to reach a point where the temperature of the house 
will be materially affected, than for the steam to do so. 

7. The length of pipe to be traversed is a much more important con- 
sideration with water than with steam. 

8. A satisfactory fall towards the boiler is of much greater impor- 
tance with steam than the manner of placing the pipes. 
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The Production of Manure. 


During the winters of 1891-2 and 1892-3 experiments were made to 
determine the proportion of nitrogen, phosphorus acid and potash 
recovered in the voidings of the various domestic animals from the 
amount of these ingredients consumed in the food under the varied con- 
ditions which our domestic animals are usually kept. Particular refer- 
ence was given to the age of the animals, quality and quantity of 
food consumed, together with the value of the total voidings as plant 
food and some reference to the value of different absorbents for 
stable use. 

In bulletin No. 27 are given the results of experiments to determine 
the amount and value of voidings from horses, cows, sheep and pigs. 
These experiments have been repeated ‘under the same conditions as 
then existed and also under quite different conditions as regards 
quality and quantity of food consumed. In some instances the ration 
was made highly nitrogenous for the express purpose of comparing the 
percentage of plant food recovered with that recovered from rations 
containing a much less proportion of nitrogen. In general, however, 
the food fed during the experiments was similar in quantity and 
quality to that usually fed on the University farm. 

- In all the experiments the word excrement is used to denote the 
voidings of avimals and the word manure to denote the voidings 
mixed with straw or plaster or both. The values given are calculated 
as nitrogen at fifteen cents, phosphoric acid at six cents and potash at 
four and one-half cents per pound. 

Experiments with sheep.— For each of these experiments two sheep 
were used and in each trial they were confined in a pen, the bottom of 
which was covered with water-tight galvanized iron pans. Clean fine- 
cut wheat straw of known composition was used for bedding in sufti- 
cient quantities to keep the sheep clean. ‘Che sheep in experiments 
Nos. 1 to 5 inclusive were mature thoroughbred Shropshire and Horn 
Dorset rams, in experiment No, 6, grade Merino were used. In each 
trial the sheep were weighed at the beginning and end; the average 
weight only is given in the tables. The ration fed consisted, in all 
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trials, of hay and grain of known composition. 
give in detail the results of each experiment: 


The following tables 


Pounps oF Foop ConsuMED AND WATER DRANK. 


NUMBER OF Wheat Cotton- | Linseed 
EXPERIMENT. Water Hay. Corn. Oats. bran. | seed meal.| meal. 
Pounds. | Pounds. | Pounds. | Pounds. Eee Pounds Pounds 
ib 185.75 81.25 11.50 lO ee oadkornes |hyoncnoneaD - o eine tanel 
2 144.25 58.50 11.25 Thera iat snace. |W ode aides o oidaistone sie 
3 188.00 50.00 40.55 ALG Py linietoaisacte leis oleteleteetae av uelsiets 
i 3 i 298.00 2S DOM stated ale ae actoe Rite 35.29 17.64 8.82 
ne Rater 374.25 TOLOOU| i smetsrasiets SoQR0C 38.14 19.07 9.54 
Gx. ts 194.25 67.00 ABBIlMslse stages 17.78 | 8.88 0.77 
SSS ooo SSS OO 
Foop ConsumMEp AND ExcaEMENT RECOVERED. 
NUMBER OF EXPERIMENT. 
1. 2. 3. 4, 5. 6, 
Length of experiment, in days........ 15 12 13 16 14 21 
Weight of Sheep 0.00... sce e ees nee cee 296 318 328 343 381 | 234.5 
Pounds of nitrogen consumed ........ 1.92 1.48 2.298 4.345 4.25 2.445 
Pounds of phosphoric acid consumed. -931 3425 814 2.12 2.19 1.12 
Pounds of potash consumed .........+ 1.28 .949 1.078 2.299 2.14 1.48 
Pounds of excrement recovered ......| 140.75 137.50 199.25 296. 203.25 160.7 
Pounds of nitrogen recovered......... 1.08 994 1.80 2.83 1.59 1.758 
Pounds of phosphoric acid recovered. 35 298 665 1.466 1.08 1.106 
Pounds of potash recovered .........- 1.089 .830 9.63 1.06 7 541 
Pounds of excrement recovered per 
1,000 Ibs. liva wt. of aniaral per snes 31.7 36.4 86.4 31.2 37.9 29.8 
Value of manure MELO M pen ceileleivin ce 6 $3 16 $2 65 $3 30 $3 49 | $3 15 $4 17 
Value of excrement per ton........... 3 35 3 01 | 4 55 6 62 3 44 4 85 


Vatug Recoverrp PER 1,000 Pounps Live Wericut or ANIMAL 


PER Day. 

NUMBER OF EXPERIMENT.| Nitrogen. | Phosphoric | potash, Total. 
BPO Ne Ra. 2 emai Sota! >), Oe 7 $0.005 | $0.011 $0.053 
ERE N tear etatghs fol ciel sian ote reteley s .04 .005 .O1 .055 
eS Metwicleiste a}iaiajiete siabete\eter'e .063 .009 .O1 .082 
MMe hy Aw ovs-le. 0,5 6/08 oo 8 6 nye .077 .016 .009 .102 
PE ie ln’ wie e's 00s (o's alates .045 012 .007 .064 
CP iets Sie kip’ pb a 0,0 0m) oteie’s .054 .014 .005 .073 

Average.........| $0.053 $0.011 | $0.0086 $0.0715 


PRG Pare ME eae chai ABV e Sian peewee aves | 18 .496 
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It will be noticed that the voidings recovered in these experiments 


are comparatively rich in nitrogen and poor in phosphoric acid and 


potash. This is true not only of the average but also of each individual 
experiment. In trials Nos. 1 and 2 where the aim was to feed as 
nearly as possible a maintenance ration the proportion of nitrogen to 
phosphoric acid and potash does not differ materially from the propor- 
tion of these ingredients recovered in experiments where the sheep were 
fed all the grain they would eat as was the case in experiments Nos. 3, 
4 and 5. 

The average value of the excrement recovered, per 1,000 pounds of 
live weight of animal per day, which is a little over seven cents, fairly 
represents the value of the excrement from a large flock of sheep where 
a portion of them are fattening animals. It is true that during some 
of the experiments the sheep were fed a heavy grain ration, but in 
others they were fed a light ration of carbonaceous grain. The aver- 
age ought to represent fairly well the excrement from flocks fed clover 
hay and a fair grain ration. : 

As the amount of water drank and the food consumed varied greatly 
in this series of experiments, it will be of interest to notice by compari- 
son the relation of the amount of water drank to the dry matter con- 
sumed in the food, and also the relation of the water drank to the nitro- 
gen consumed. The following table gives the dry matter, nitrogen and 
water consumed in each experiment: 


ConsumEep Perr 1,000 Pounpns or Live Weieut or ANIMAL 


Pir Day. 
; Pounds of Pounds af 
4 Pounds of 
NUMBER OF EXPERIMENT. diy snatice >|) SIERS as ster drake 

42 
Mere Cetclaniezlat as as, 6yeiays iat 8a diay ade eteia a, 5 21 433 39 
Panctelen. aietisleiebe's ess s0%m shee ai sda, a'a's 20 -402 44 
OPUE gieais a sicha a0 8's s)e's.g «me ens wa olals 27 537 57 
AGN S aie) ap of aio gi mys) '4 ies aval", aps 27 . 786 65 
Doe ss cecweweles wee e tee wieceneaes 25 793 39 


Quite contrary to a somewhat popular idea of stock feeders, that the 
amount of water consumed is controlled to a great extent by the 
amount of dry matter in the food, the facts brought out by these 
experiments show quite conclusively that the water consumption is gov- 


23 


— 


178 Ag@ricuttorAL Exprerment Station, Irnaoa, N. Y. 


erned far more by the amount of nitrogen in the food than by the total 
amount of dry matter which it contains. It will be noticed that with 
one exception (ewes in experiment No. 6) the lowest in nitrogen con- 
sumption drank the least water, the next higher in nitrogen consump- 
tion was the next higher in water drank, the third in nitrogen consump- 
tion also was third in the amount of water drank and this order was 
maintained throughout the remaining experiments. 

The variation in the amount of water drank is controlled more by the 
secretion of urine than by the amount of total dry matter consumed in 
the food. This fact has been noted by experimenters in stock feeding 
and was published by Lawes and Gilbert in “Supplementary Report on 
the Experiments on the Feeding of Sheep,” volume II, page 19, which 
says: “It may be interesting to remark that the proportion of water 
drank to the food consumed was the greatest * * * where the 
amount of nitrogenous substances was the greatest. This is quite con- 
sistent with the observation ef ourselves and others, that under other- 
wise equal circumstances the larger the amount of nitrogenous constitu- 
ents the greater will be the amount of urea passed off in the urine and 

‘that, as has recently been shown, the greater the elimination of urea 
the greater will be the demand on the system for water.” 


Halliburton gives practically the same law governing the secretion of — 


urea when he says:* “ The quantity of urea in urine varies a good deal, 
the chief cause of variation being the amount of proteid (nitrogenous) 
food digested. In a man who is in a state of equilibrium and on an 
ordinary mixed diet the quantity of urea secreted daily is between 
twenty-five and forty grams. On a diet poor in proteids it may sink 
to fifteen or twenty grams, and on a diet rich in proteids it may rise to 
100 grams per diem.” 

It does not follow that where nitrogenous food forms a large portion 
of the ration that the manure will contain a much larger per cent of 
nitrogen than if the food were only moderately rich in nitrogenous con- 
stituents, for in ordinary practice the increased secretion of urine will 
demand a greater supply of bedding which would decrease the percent- 
age of nitrogen in the manure, so that the proportion of nitrogen to 
the weight of manure would not be increased while the total nitrogen 
voided would be in great excess of that voided from less nitrogenous 
food. 

Experiments with calves.—Two high grade Holstein calves were 
placed on the manure cans as described in the experiments with sheep. 
The calves were bedded liberally with fine cut, clean, white straw. 


* Chemical Physiology on Pathology, p. 723. 
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The following tables give the amount and kind of food fed and the 
details of the experiment : 


Foop ConsuMED AND WaTER DRANK. 


Linseed Wheat 


Water, C 1. Hay, 
NUMBER OF EXPERIMENT. | | onds. ele vical. babe ; ers gare 
es o's ase 5 Siosh rote hapten 8s TOT lia h@reden an ie 6.26 | 36.25 
SABES Tele Gib celica relat Mima te BET avettoy ea, 20.86 | 7.28 20.86 | 96.50 


Foop ConsuMED AND ExcREMENT RECOVERED. 


Experiment Experiment 
No. 1. No. 2. 


Length of experiment in days............... 12 15 
Weight of calves in pounds................. 379 580 
Pounds of food consumed ............ Ae statecel 755.75 145.50 
Pounds of nitrogen consumed............... 5.042 3.064 
Pounds of phosphoric acid consumed......... 1.939 1.308 
Pounds of potash consumed ............ ne: 1.519 1.871 
Pounds of excrement recovered ............. 480.75 327.50 
Pounds of nitrogen recovered............... 1.983 2.22 
Pounds of phosphoric acid recovered......... 0.314 | - 0.820 
Pounds of potash recovered........ ........ 1.556 1.642 
Pounds of excrement recovered per day per 

1,000 pounds live weight of animal ........ 97.5 38.2 
Value of excrement per day per 1,000 pounds) 

lve AWelbht. of animab 4 628.0) c ks.) cee eae $0.078 $0.056 
W ale'of manure peritonitis ce 6, Bos 1.69 2.67 
Value of excrement per ton ..j0...5. 2... 565 1.60 2.79 


ANALYSES oF MANURE. 


Water, | Nitrogen, Fhosohorie Potash, 


per cent, per cent. per cent, per cent. 
Hacperiment No. di Pineed es... 83.82 | 0.39 0.094 0.45 
Bupermmont No. 2.0. 2.14.1..- 71.64 | 0.605 | 0.25 0.615 


PEE VOLALO 3). 0). 5 ola aitom aha sia 77.73 | 0.497 | 0.172 0.532 


¢ 
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As would be expected, the manure made in experiment No. 1, where 


skim milk formed a considerable portion of the diet, was particularly 
poor in nitrogen and phosphoric acid. Not only was the skim milk 
more digestible, which resulted undoubtedly from a greater proportion 
of these fertilizing constituents being used to build up the animal body 
than was the case in experiment No. 2 where less digestible food was 
fed, but the increased secretion of urine from the skim milk diet 
required so great an amount of bedding to keep the calves clean that 
the manure was necessarily poor. 

The difference in the percentage of water of the manure of these 
two experiments must not be taken in any way to represent the differ- 
ence of water in the excrement, for in experiment No. 1 it was found 


necessary to give nearly double the amount of straw bedding that was 


given to the calves when hay and grain formed the ration. The excre- 
ment recovered from these two trials with calves will not differ mate- 
rially in quantity or quality from that recovered in ordinary practice, 
for the food fed did not differ materially from that usually fed through- 
out the country. So that the average value recovered per 1,000 
pounds of live weight per animal per day, which is nearly seven cents, 
will represent the value of the excrement produced from this class of 
animals throughout the State as well as on the University farm. 

Experiments with pigs.— Three trials were made with pigs by keep- 
ing them confined on galvanized iron pans, as described with sheep. 
The pans were large enough to afford comfortable quarters for the pigs, 
and enough cut straw was used for bedding to keep them clean. 

In each trial three thrifty grade Poland China pigs were selected 
and the food fed was the same kind that had been fed to these pigs for 
several weeks previous to the experiments. The following tables give 
the food consumed and the details of each experiment. 


Foop ConsuMED. 


Wheat Linseed 


Skim milk, | Corn meal, Meat scrap 
NUMBER OF EXPERIMENT. pounds. pounds. bi ine pound ’ 
1 Bidets Bi Aen GALANTE, he PA ieee 110 (oy BAe: SR aR SARE ad gi 32.1 
Dee tever ore i iahetssNe-cchiaratete 168 DD 202 lS 4 shod teen | oe aa koa tenes 29.66 


se 
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Foop ConsumMED AND ExcREMENT RECOVERED. 


NUMBER OF EXPERIMENT. 


1 2: 3 
Length of experiment in days ........ 7 7 7 
Pr ctenthion pias Lou oS el Goeth od 412 459 333 
Pounds of food consumed............ 206.5 256.98 | 151. 
Pounds of nitrogen consumed.....-... 4.698 4,723 1.34 
Pounds of phosphoric acid consumed .. 2.29 2.27 .59 
Pounds of potash consumed .......... .589 624 322 
Pounds of excrement recovered....... 330.5 342.25 | 130.75 
Pounds of nitrogen recovered......... 3.217 3.481 1.33 
Pounds of phosphoric acid recovered .. 1.70 1.45 .48 
Pounds of potash recovered. ......... 584 472 323 
Pounds of excrement recovered per day 

per 1,000 lbs. live weight of animal .| 108.9 75.8 56.2 
Value of excrement per day per 1,000 

Ibs. live weight of animal .......... $ .2106| $ .186 | $ .104 
Value of manure per ton............. 3.47 3.46 2.94 
Value of excrement per ton .......... fi Ae 4.46 4.45 


ANALYSES OF MANURE. 


Phosphori 
NUMBER OF EXPERIMENT. ee | Niaoeess ate Peleg 
ee ceateasniala' Rinhs baie 'a eV 78.47 .88 .48 .29 $3 .477 
Rare ole ssl/on shel ocd ente atte 74.58 91 .40 28 3.462 
RRS avefe oa sajna eet olets 2. 6 69.34 74 .30 40 2.94 
IVOTAEO {os 5 2.0.8 74.13 84 39 82 $3.29 


The seemingly high value of the excrement recovered per day in 
experiments 1 and 2 was due to the rich nitrogenous food which went 
to make up the ration during these experiments. As nitrogen is by far 
the most costly of the fertilizing constituents a comparatively slight 
increase in this element will materially increase the value of the excre- 
ment. About one-third of the ration exclusive of skim milk fed these 
pigs consisted of meat scrap, a commercial article obtained from the 
fertilizer manufacturers at a cost of thirty-five dollars per ton and 
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apparently composed of dried meat, blood and small pieces of bone. — 
This meat scrap contained nearly ten per cent of nitrogen. 

It will be noticed that the value of the excrement per ton is nearly 
the same in each cf these three experiments, while the value recovered. 
per day is nearly twice as much when the ration consisted of corn meal 
and meat scrap, as when corn meal, wheat bran and linseed meal were 
fed. The highly nitrogenous ration greatly increased the liquid void- 
ings and this, more than any other one thing, caused the great weight 
_of total voiding per day without proportionately increasing the per- 
centage of nitrogen. 

The value of the excrement per ton was very nearly the same in the 
three experiments, although the value per day was more than twice as 
great in one experiment as in another. 

These pigs were fed a highly nitrogenous ration for the production 
of lean meat and without doubt the excrement valued at seventeen 
cents per day, from 1,000 pounds live weight of animal, is considerably 
more than would have been obtained had the grain ration consisted 
mostly of corn, 

Experiments with cows.—In the experiments described thus far 
a small number of animals have been kept on water-tight galvan- 
ized iron pans for several ‘days; with cows, however, it was thought 
best to test a larger number of animals for a shorter period of 
time, consequently eighteen cows of the university herd were 
kept tied in the stalls for twenty-four hours and bedded liberally 
with cut wheat straw and the drops in the rear of the. cows 
sprinkled with plaster. The ration fed consisted of hay, corn, 
ensilage, grain and roots as shown in detail for each experiment in the 
following table: 


Foop Consumrep AND Brppine UseEp. 


5 D a a ; ae Sy = +» 
° wt =I ko} a 
| ee las g| £2 5 | $3 | Sa | Be 
NUMBER OF EXPERI | +2| 5 | §3/ 2/ #3 | 8% 2 “3 SF 
MENT. 28| & 122/78] 28 =n eae rd E8 
= o 5 = ~~ ® 2 geo 28 3 2 2 te 
5 @ | a 3 SPST eee oh reat A 6° 
Z dia jm E Ss) ) 7) a 
Oe Fed HPaG AGN Sache raed de 18 | 220 | 825 | 95] 73.60) 17.40] 29.00] 168.7 | 20,279 
Bese esata gs bopaumage ne 18 | 220] 755 | 180] 60.48] 15.12] 50.40 | 173.0 | 20,278 
BAe. sit kie ca hahsl vga! 17 | 210| 805| 170} 75.00] 15.00] 50 156.0 | 19,463 
BIRD oa a-3> cts ccna tenies [8 280 | ta | eB. 766, BO, | "4.00 | alh4d 1.5 ae a 


The ration fed during these experiments was the same as that 
usually fed; no change of. food was made in any way on account of 
the manure experiments. The only change the cows were subjected 
to was in confining them for twenty-four hours in the stalls, when the 
practice had been to turn them out in the covered barnyard a portion 
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of each day. So the fertilizer value of the excrement recovered during 
these trials will fairly represent the average value recovered from the 
university herd during the winter months, when the cows are fed a 
hay and grain ration similar to those given in the preceding table. 

In comparing this ration with rations fed on farms throughout the 
State, it must be borne in mind that these cows were large, averaging 
nearly 1,125 pounds per.head, and that it would be better to make the 
comparison per 1,000 pounds live weight rather than per head. 

It is for each farmer to determine for himself whether he supplies 
his cows with an amount of plant food equal to that fed the university 
herd before the results of these trials are to be applied direct to his 
own herd. It must be borne in mind that in all of these trials nearly 
all of the cows were giving milk and would average about the middle 
of the milking period. 

The following tables give the amount of dry matter consumed and 
the amount and value of excrement recovered. 


Perr 1,000 Pounps Live Weieut or Anmmat PER Day. 


VALUE PER Ton. 


NUMBER OF EXPERIMENT.| Dry matter | Excrement 


consumed. recovered. 
Manure. Excrement. 
pede Pounds. 
Ber ee Maret ase Pe as 23.7 69.7 $1.76 $1.83 
Dig, an cera es oleh clots (ells aaa 23.2 78.3 1.97 2.13 
RO aie chats tarnlate otek atahe 25.3 1685 1.88 F302 
ATES S Soe oles 6 Wier os 21.3 (Pea 2.47 2.69 
Average ......... 23.4 74.2 $2.02 2.167 


ee 


ReEcovERED From 1,000 Pounps or AntmaL PER Day. 


NUMBER OF EXPERIMENT. Nitrogen. esis eee Potash. 

Pounds Pounds. Pounds 
OES eter cr ae aM An aie. oo crashes tite wis 303 226 120 
inne eines one cas Aare ads: oe Waeen ate tir al iet aie ele ws 370 J216 334 
Mt sto) ota arty ect cbenctal te) ata th che ey wile vep ae 343 SAY 283 
ERY edie hn, 5 Sn Nrawen at sa acted fhe) vale! epaligns, eh 390 324 406 
RV ET ATS 8,2) see steele TOL cee 351 245 286 
Wemerare VALUe. . 72 sich hatelala of se + + $.052 $.0147 $.012 


“ONS UG Uh aes Oe a MOSO2 i Gaewhvae 
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It will be seen here also that the nitrogen makes up by far the 
greater value of the manure, that cow manure is comparatively 
rich in nitrogen and poor in phosphoric acid and potash is shown 
not only in the average but also in each individual experiment. 

The following table gives the chemical analyses of the manure 
of each experiment: 

AnatysEs or Manure. 


NUMBER OF EXPERIMENT. Water. Nitrogen. Ehosplorie Potash. 
Per cent. Per cent. Per cent. Per cent. 
AG e ee Rata nes AH eu Palade 80.46 .396 Te: x 
Dy tS RAL ae a a a ois Favela .42 225 .46 
Sabatier alle Ged Rahs Bieta ts 75.62 .40 .26 41 
ZU att SOAS CAC ACU NLS Be ' 70.80 49 ad 257 
PANETAL C55 2(6 0, sieie's 75.25 .426 29 44 


The value per day of excrement from 1000 pounds live weight of 
animal which is a trifle over eight cents represents the value of the 
excrement produced by the University herd at the prices given. This 
agrees closely with the results of a former trial published in Bulletin 
27, p. 38, which giveseight and two-tenths cents as the average value 
for the excrement from 1000 pounds live weight of animal per day. As 
the value given in the former trial was estimated at nitrogen worth 17 
cents, phosphoric acid 7 cents. and potash 4 cents per pound, the value 
per day would be eight-tenths of a cent more than the value given in 
this bulletin for the same amount of plant food. 

As the amount of bedding used in these experiments did not differ 
materially from the amount used in ordinary practice where the cows 
are kept tied in the stalls most of the time, the average of these 
analysis may be said to fairly represent the manure made by milch cows 
when fed a liberal grain ration. 

Experiment with horses.— Five horses, four work horses and one two 
year colt were put on an experiment of manure production for twenty- 
four hours. These horses were kept in stalls, the floors of which were 
water tight. Both theestalls and the drop at the rear of the stalls were 
bedded with a fine cut wheat straw and sprinkled with plaster. 

The work horses were fed hay, and a grain ration of twelve quarts 
per day, consisting of oats, corn meal and wheat bran; the colt had 
hay only. The following is the data obtained of the manure recovered. 
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° Pounds 
Total weight.of Horses .\-.)..4 ble peice alae ccs decce mace reeaelen cleanse 6410 
REAVER ORT OOM Ae Gish a CUT AL TATA toh a alt We tc te ide Ua iatsy etgh gm amvaictio Wailea a 129 
Straw bedding used ......... Deseret RS artnn gts enedale ole atleta edad a-chale te 112.75 
Total weight of Manure, |... 5. ees ital Sed ote) wat to. sahara ath Meal taper ete 555 
Value of excrement per year per 1000 lbs. live weight ... .... ....... $27 . 74 
ealries Of THANUTE, PEL HOM 5, oi: een! aie Fld «n\n one's sie» eyed elayslaiw's'sja. wi bs) shai oleldie 2 21 
SIEOL OR COMUENE PAE POU. elaiat Oik a's = foci ales # ajciseeeiele oa = 92 alavgatane 3 18 

ANALYSIS OF MANURE. 
Per cent 
RTE ot Me arch Gite Bie alia ara! Ae atoale Racitn ered’ </eceiels: «ew Ae wine aim «ari pore ays whey 48.69 
PMMEMOPSONN . 5c) Caiatet ale, ts <ikielese eie’s vide = metsfvig la «olsun 'eimlale, 4 4/5 o,0/5'efa) alas male, eietain a da .49 
PP MGAPNOTIC ACI sly heels eas aaek ae tawine'es(s sete o'er «nea wan e'en lala nie sis otek 26 
ease cr aisirteloela cuitispeisione siererelatsys ache hantyatty ever stavatena Move peee ecendevaratoniebepe .48 


Perr 1,000 Lzs. Live Weicut or AnitmaL PER Day. 


Nitrogen, | Phos. acid, Potash, Total 
pounds. pounds. pounds. value. 
RECON. CTO Sis sis. sieve re intelere ols ios ssnieneysveatavers | .376 .181 -216 
VIII STECOVELOUS » ahaiele, 5% cheins'min 5 ays): I $ .0559 | $ .0108 | $ .0097 | $ .076 


Value per year, $72.74. 

Excrement recovered per 1000 lbs. live weight of animal per day, 48.8 lbs. 

In this experiment the quantity of straw used as bedding was 
sufficient to keep the horses clean and probably would be similar in 
quantity to the amount of straw used in ordinary practice. The 
amount of plaster used, however, was greater than would ordinarily be 
be use; this would tend to make the manure of less value per ton than 
average horse manure where plaster was not used. The value of the 
excrement, however, would not be changed by the use of plaster unless 
it prevented waste by its use as an absorbent. The following table 
gives the average analysis of each kind of manure: 


ANALYSES AND VaLuE PER Ton. 


KIND OF Number | nitrogen, | Phosphoric] potash, Water 

MANURE. pe eapert | per peat Scids Bae per cent. | per cent. bcort eet 
heaps ssicis< 6 7675 .391 .591 59.52 $3.30 
Galves cs. g.7 4 2 497 172 .082 Tb dics dick 2.176 
AO Sea picrain a « 3 84. 39 .32 74.13 3.29 
COws wet a... 4 426 29 44 7.25 2.02 
Horses)... 1 49 26 48 48 .69 2.21; 


24 


\ 


186 AgoricvLtuRAL Exprrment Station, ItHaca, N. Y. 
4 


It will be noticed that the average amount of nitrogen recovered in 
all the manures is considerable more than that of the potash and about 
twice the amount of phosphoric acid. It is true that in some cases the 
food fed was highly nitrogenous, but in the majority of cases the ration 
was the same as that usually fed on the University farm. 

It remains for the farmer to determine whether the ration he 
feeds is greater or less in quantity, or poorer or richer in quality 
than the rations fed in these experiments before he applies these 
values to the excrement from his own stock. 'To enable him to do this 
with some degree of accuracy the following tables give the fertilizer 
analyses of foods fed in these experiments and percentages of plant 
food recovered in the excrements of all experiments : 


FrrvitizeR ANALYSES OF: Foops. 


| “a 
Nitrogen. beeps Potash. 
Per cent. Per cent. Per cent. 
eo ‘ 34 
SOtprMaCAl cs Ucn cicctelcctewe babes a 6.95 3.05 1.84 
‘Cotton-seed: meal..|. #.'$.. if. Jae fees 1.90 .45 1.46 
Clover hay (mixed) ......... nae 1.65 154 2.55 
METASERO INCA! force. Spain pediacs a dvater ein 5.36 1.90 1.10 
Brea SOLAN Cie ants aceattnl pate oie eve 9.62 5.01 74 
(IgG TESLA Be pig AO i. BEng Ry. ae | See 1.785 15 51 
Meaty EAT os pets toe & Sh ore ee 2:52 2.84 1.49 
WV Gag StUAW, 9% Pi stioreieiene teens 27 25 1.13 
So lerraieaTath lc ites. Ps) coe sb vera eles a sale ete .58 22 .12 
| | 
AVERAGE Perr Cent RECOVERED oF ALL EXPERIMENTS. 
bested Nitrogen. Phoebe Potash. 
Per cent. Per cent. Per cent. 
re 112) Oa Ra eR 6 62 
Caves id owe thos ones 2 56 39 96 
ERE ee cham Alera eye vis,0 3 80 18 89 
Maat Se 70 62 83 


Average of the three constituents, seventy-one per cept. 


Without doubt the general average of the plant food recovered is 
considerably lower than would be the case in ordinary practice where a 
larger proportion of mature animals are kept. It is frequently stated 
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in general terms that eighty per cent of the fertilizer value of animal 
food is recovered in the excrement, and when we consider that of the 
eleven experiments five were made with young animals it is fair to 
presume from the results of these experiments that considerably more 
than seventy per cent would be recovered in ordinary practice, particu- 
larly if a considerable portion of the stock fed were fattening animals. 
Below is given in tabular form the average amount of excrement and 
ts value recovered from 1,000 pounds of live weight of animal. 


ExcrEMENt RECOVERED PER 1,000 Pounps Live Weteur or ANIMAL. 


Ek \on anette”) Somber eh | /Fetgaieae\|¢ vate Ber. lh Yates 
nS T/T i an 6 34.1 $.0715 $26.09 
MUPAIVIOR GI Nelatoie ee ales eo a 2 67.8 .067 24.45 
Pigs Beer state satay thaw arma: elena 3 83.6 . 1668 60.88 
ROA es GA ts ok 4 iad .0802 29.27 
EVGraes 3). <a oa Gordy ee o's 1 | 48.8 .076 27.74 


It will be seen from this table that the largest amounts recovered 
per day were in experiments where the food consumed gave a com- 
paratively narrow nutritive ratio or else the food was largely liquid 
as was the case with the calves. In either case, it was the amount of 
urine secreted that greatly increased the total weight of excrement. 

As the values given in this bulletin have been based on those given 
for the value of commerical fertilizers it does not follow that any 
farmer under all conditions will be able to get that value from the 
manure any more than he is guaranteed to receive that value from the 
same amount of plant food in commercial fertilizers. It, may be the 
prices given are too high and that they should be greatly reduced or 
even cut intwo. The value per pound of each fertilizing ingredient 
should be determined by each farmer for himself as he determines 
whether he-can or can not afford to buy commercial fertilizers at the 
market price. These values, however, afford a means of comparing 
the value of manures made by the different kinds of domestic animals 
and vary from $24.43 per year from calves to $68.88 per year from 
pigs. These values are calculated for the year at the same rate and 
value for the whole year as the average of the experiments, which 
would probably be somewhat too high for the classes of animals that 
are turned to pasture a considerable portion of the year; for animals 
that are kept in stalls or pens throughout the year there is no reason 
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why the average of these experiments will not represent the production 
and value for the whole year. It is,. therefore, evident that barn 
manures when produced from fairly nitrogenous food liberally fed, con- 
tain a much larger proportion of nitrogen than either phosphoric acid 
or potash, and that where commercial fertilizers are used with such 
manures, the most economical application will be secured by applying 
a much larger proportion of phosphoric acid and potash in the commer- 
cial manures than is usually sold in complete fertilizers throughout the 
State. > 

As the value of the manure depends so much on the character of the 
food consumed it will be of interest to notice the difference in the fer- 
tilizer value of the foods fed in these experiments and also two other 
common foods. The following tables give such values: 


FERTILIZER VALUE OF Foops. 


irene ghoeghoric Nena ts Total value 
one ton. eee one ton. per ton. 

CUCU R SIT 06) 2 1 MRIS SR Aa io $4.530 | $0.828 | ¢0.306 | $5.664 
POMMVETIGUATO™ i ce ale We eats tals 0.780 | 0.144, 0.3815 1.240 
GAO VET AAV hoists ost) se wldjesdes el 5.700 | 0.540 | 1.314 7.554 
Cotton-seed meal......'5. 0. ses 20.850 3.660 1.650 26.160 
Panseed neal oo) 0's ese aioe. 2s 16.080 2.280 0.990 19.360 
UIE e8 BS) 0) OF, I ear es 29.010 | 6.012 | 0.666 | 35.688 
(CHS PSA, ee A ane a aL 5.355 0.900 0.450 6.700 
lamb fence ceo didiere OS a 1.740 0.260 1.080 2.108 
Maqiatliy ay * 2; Here we- aoe 3.000 | 0.432 | 1.170] 4.600 
Wah Ga GrOLams sii. b cietee Misdieie.s Sate 7.560 3.400 IW34t 12.301 
STAG SULA W wiass oe htece vic ee Riad 0.810 0.300 1.017 as 


It will be readily seen from the foregoing. table that there is even 
more difference in the fertilizer value of foods per ton than there is in 
the value of the excrement from the different kinds of domestic animals 
usually kept on the farm. 

Of all foods fed in this series of experiments the meat scrap contained 
by far the largest amount of plant food, and its value was also the 
greatest. The great fertilizer value astigned to this food was due to 
the large per cent of nitrogen which it contained; although rich in 
phosphoric acid for an animal food the value of this constituent is small 


* Values calculated from analyses given in fifth and seventh annual reports of New Jersey 
Experiment Station. j 
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when compared to the value of the nitrogen. The value of the potash’ 
in this food was only about one-half the value of the potash in the 
clover hay, while the value of the nitrogen and phosphoric acid was 
more than five times as great as the value of these constituents con- 
tained in the hay. While meat scrap heads the list of foods in value of 
its fertilizing constituents, it does not follow that its feeding value is 
above that of other foods given in the table. The feeding value and 
the fertilizer value of foods are separate and entirely distinct values, 
and care should be taken not to use them interchangeably. While a 
food may have a high feeding value for certain purposes, its fertilizer 
value may be correspondingly low. ‘To illustrate this point, corn meal 
has a high feeding value for the production of fat meat, while on the 
other hand its fertilizer value is very low, being only about two and 
one-half times more than of wheat straw. 

Of the vegetable foods cotton-seed meal has the greatest value in fer- 
tilizing constituents, and as was the case with meat scrap the greater 
part of the value is in the proportionately large amount of nitrogen 
which it contains, and also, like meat scrap the fertilizer value is equal 
to the selling price as a cattle food in our markets. 

It will be noticed that corn meal has a low fertilizer value; not only 
is 1t poor in phosphoric acid and potash but it is also low in nitrogen, 
the total value, five dollars and sixty six cents per ton, being only a 
little more than two-thirds of the fertilizer value of clover hay. While 
corn meal ranks high as a food its fertilizer value is low and is often 
over-estimated by many stock feeders. This over-estimation in fertilizer 
value probably comes from estimating the fertilizer value from the feed- 
ing value. 

The clover hay fed in this series of experiments had a fertilizer value 
of seven dollars and fifty-five cents per ton, which is often as much as the 
selling price of cloverhay. It is true with the hay also, that the greater 
part of the fertilizer value is in the nitrogen which it contains, although 
the mineral matter contained in the hay is considerably more than that 
in corn meal. 

When we compare the fertilizer value of corn meal and clover hay 
we may expect greater value in the manure produced from a ton of 
clover hay than from a ton of corn meal. 

Oats have a fertilizer value of $6.70 per ton, which is greater than 
that of corn meal but less than that of clover hay. 

Wheat bran is the richest in mineral matter of our common concen- 
trated foods, having a fertilizer value of $12.30 of which the phos- 
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phoric acid and potash has a value of $4.74, being a much larger pro-— 


portion of mineral matter than that contained in the other concen- 
trated foods fed in these experiments. 

All the foods so far considered that have a high fertilizer value have 
been rich in nitrogen when compared to the amounts of phosphoric 
acid and potash which they contain. As would be expected from foods 
that are nitrogenous in composition, we have found that the excre- 
ment produced from these foods have also been too nitrogenous for a 
well balanced plant food, and when applied as a fertilizer should be 
accompanied with a further application of phosphoric acid and potash. 

_ Comparatively little work has been done in the past decade to deter- 
mine the amount of plant food recovered in the excrement from that 
consumed in the food under the various conditions which our domestic 
animals are usually kept. Particularly do all recent investigations 
appear insignificant when compared to the importance of the need of a 
more thorough knowledge concerning the production, value and care 
of barn manures. It is only through repeated, thorough investigations, 
showing positively beyond a doubt the value of animal excrement and the 
proportionate amount of plant food wasted to that actually restored to 
the land, that better care will be given barn manures, by farmers in 
general, and more economical methods of applying manure be prac- 
ticed. Should the results of these experiments prove of some aid in 
practicing greater economy in the manufacture, care and application 
of barn manures the time and labor bestowed on these investiga- 
tions will be well repaid, knowing that the aid given is for the advance- 
ment of one of the most important questions to be met by the farmers 
of this State. 

GEORGE C. WATSON. 
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I. Black Raspberries as a Farm Market Crop. 


The growing of raspberries to be sold fresh in market is compara- 

tively well understood, although it has its difficulties. The chief design 
of this bulletin is to call attention to the adaptability of the black 
raspberry for evaporating, as a farm market crop, to be grown by any- 
one who may have a taste for that work, regardless of proximity to 
markets; and the object is rather to disseminate information collected 
from various sources than to make a record of experiments. Many of 
the farmers of the country are practically debarred from competing in 
certain lines of production on account of the heavy expense of getting 
their products from the farm to the market, or to the nearest railroad 
station. To grow potatoes when the distance is so great that half a 
day is required to deliver a load to the station, is to work under a very 
serious disadvantage, for the product possesses small value in propor- 
tion to its weight, a load of a ton and a half being worth only from 
$20 to $30; hence to deduct $1.50 from this amount for the mere cost 
of hauling means the loss of a large percentage of the profits. An 
equal weight of evaporated raspberries, on the other hand, would be 
worth on an average about $600, and an item of $1.50 for hauling is a 
very different matter. 
, The advent of the berry harvester makes it possible te conduct berry 
farming in just such remote locations. Without this implement, the 
evaporator is just as dependent on location, as the grower who sells 
fresh fruit, for it is only in the vicinity of towns of considerable size 
that pickers can be secured in sufficient numbers to make a safe busi- 
ness in small-fruit growing. 

Varieties.—'The variety chiefly grown for evaporating purposes 
throughout the great evaporting sections of central and western New 
York is the Ohio, yet it is by no means certain that this is the best. It 
is a comparatively dry berry of secondary quality, containing a large 
proportion of seeds, and giving a high yield in pounds of dried fruit. 
Hence it has naturally come into fayor with growers, for the latter 
reason, if for no other. It has been shown, however, that the mere fact 
of dryness in a variety does not make it yield heavtly when evaporated. 
In some tests made by Professor Goff several years ago, the smallest 
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and juciest berries were found to yield the most dried fruit. Witha 
few of our best growers the Gregg is coming to supplant the Ohio, and 
where it proves to be hardy it is a more desirable variety to grow, 
especially if picking by hand is practiced, for the large firm berries are 
much preferred by pickers. They adhere to the bushes more firmly 
than most other varieties, and some growers do not find it satisfactory 


to gather them with the haryester; others, however, do gather them | 


successfully in that way. The variety does not prove so universally 
hardy and satisfactory as the Ohio. 

Tn tests made at the Ohio Experiment Station several years ago, the 
Gregg was found to yield the greatest amount of food value per bushel 
of green fruit of any variety tried, although it did not equal the Ohio 
in pounds of dried fruit per bushel. 

Soil,— Raspberries succeed on almost all good soils, yet to secure 
the most profitable results they should have one which is well. drained 
but moist and easily worked. A sandy or clay loam is excellent. The 
one thing which they will not abide is a wet, heavy soil or standing 
water about the roots. 

Fertilizers.— No other fertilizer is nearly so popular among growers 
as stable manure. In replies to questions sent to growers asking what 
fertilizer is found to be most satisfactory, stable manure is mentioned 
44 times, while wood ashes rank next, being mentioned 24 times. The 
next choice is commercial fertilizer and ground bone or bone meal, each 
of which is mentioned 4 times. Four growers also say that they use no 
fertilizers at all; these live in the West. A number of other things are 
mentioned from one to three times in these replies, among which are 


superphosphate, compost leaves, mulch of any kind, ete. Ashes and, 


manure-mulch are mentioned three times as giving good satisfaction, 
One wide awake grower says the best fertilizer is a Planet, Jr., culti- 

vator, and although its efficacy may be open to doubt when aed alone, 
it seealy ranks high in combination with some of the other things 
mentioned. 

It is coming to be more and more fully demonstrated that thorough 
cultivation is one of the best means of supplying fertility to crops. 
One other means of supplying fertility, which is worthy of mention, is 
very successfully employed by M. A. Thayer, of Sparta, Wis. This 
consists of red clover grown on land by itself, cut when in blossom and 
applied close along the rows as a mulch while the center of the spaces 


is kept thoroughly cultivated. This method, accompanied with severe — 


pruning and careful attention to details, has led to some phenomenal 
yields on his farm, 
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Perhaps it ought to be said that the strong preponderance of opinion 
in favor of stable manure doubtless gives it a higher rank than its 
comparative value merits, for the reason that it is the one material 
which nearly every grower is most likely to have and to use, and when 
properly applied it is sure to give satisfaction. It does not follow, 
however, that thoroughly reliable commercial fertilizer applied in the 
right proportions might not have given just as good results. 

Stable manure contains an excess of nitrogen in proportion to the 
other ingredients and may be very profitably supplemented with potash 
and phosphoric acid in the form of commercial fertilizers. 

Preparation and Planting.— Little space can be devoted to these 
subjects. It may be said in general, however, that raw sod ground 
should be avoided if possible, and it always pays to give the ground a 
very thorough preparation. Spring planting is always to be preferred 
for black-caps; yet, if for any reason it is desirable to secure the plants 
in the fall, a very good method is to plant them in shallow furrows 
and mulch well through the winter, leaving them in this position until 
the young shoots have made a growth of several inches in spring; then 
set in their permanent place. This insures the weeding out of any poor 
plants and secures a perfect stand in the field. Plant deep. Careful 
_ growers who have given attention to this point have satisfied them- 

selves that three to four inches is none too deep to give best results. 
The plants should be set in the bottom of the furrow and covered 
lightly at first, gradually filling up the furrow as growth progresses. 
Plants thus set appear to stand drought better and there is less trouble’ 
with the canes blowing down than when planted shallow. One point 
in connection with planting which should not be neglected is pruning 
back the plants closely when set. Experienced growers rarely neglect 
this, but in home gardens, at least, plants are often seen where long 
canes are left, apparently with the idea of getting fruit at once. Any 
fruit obtained the first year, however, is at the expense of the growth 
and vitality of the plant and will be charged up against ensuing crops 
at much more than compound interest; and plants which are not cut 
back nearly to the crown when set, do not readily throw up canes from 
the root, but branch out from the old stalk. 

Pruning.— Growers are in general pretty well agreed as to the 
methods of pruning black-caps. One point, however, needs to be 
emphasized, that the young shoots should be nipped back low and 
when they reach the desired height, not allowing them to get consid- 
erably higher and then cutting back to the height required. If pinched 
low, the plant will at once throw out strong and vigorous branches near 
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the ground, making a well balanced self-supporting bush. On the 
other hand, if it is allowed to grow higher and is then cut back, only 
weak buds are left, and the result is that they do not develop so rapidly 
and only three or four of the upper ones start at all, producing: a top- 
heavy and unsatisfactory plant. Sheep shears are very convenient for 
this summer pruning, or it may be quickly done by merely pinching 
out the tip with the thumb and finger. To determine whether the 


manner of doing this would make any difference, two sections of row 


were marked and in one case the canes were all cut with shears, 
taking care that the cut should be in a slanting direction so 
that water would run off readily. In the other case the canes 
were snapped off by bending them quickly with the thumb and 
finger, leaving an irregular, ragged end. The canes had grown 
too high, so that rather more was removed in both cases than 
ought to have been in the best practice. An examination the 
following spring showed no perceptible difference in the condition in 
which the two lots came through the winter. The cane nearly 
always died back to the first bud in either case, so that while 
theoretically a smooth, slanting cut would seem to be best, practically 
it does not matter. . 
Harvesting.—The means of gathering the crop isone of the most 
important considerations in growing small fruits, and as_ before 
. intimated, upon the success of the berry harvester depends the adapta- 
bility of raspberries as a farm crop. This harvester is a very simple 
affair (see picture on page 191), consisting of a canvas tray some three 
feet square, there being only enough wood about it to form a frame- 
work and enable it to be moved about. Under the corner which rests 
‘on the ground, there is a sort of shoe of wood enabling it to be slid 
along from bush to bush easily. In one hand the operator carries a 
large wire hook with which the bushes are drawn over the canvas or 
lifted up if too low down and in the way. In the other hand is a bat 
resembling a lawn tennis racquet with which he knocks off the ripe 
berries. This is merely a canvas-covered loop of heavy wire fastened 
in aconyenient handle. In place of this, some use a wooden paddle 
but this probably bruises the berries unnecessarily. In gathering by 
this method, the berries are allowed to become pretty ripe and the 
plantation is gone over but two or three times in a season. Many dry 
leaves, some stems-and a few green berries are knocked off with the 
fruit, but the leaves are no disadvantage for they help to absorb 


moisture before and after drying, and may aid in preventing mold if | 


the fruit has to stand for some time before going to the evaporator, 
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The leaves are quickly taken out by running the fruit through a fanning 
mill after it is dried. Some growers fan them out before drying, but 


this has the disadvantage of bruising and crushing more berries’ The 
berries are usually allowed to stand in the field in boxes for a time after 


_ gathering and any insects which may have “fallen in will usually crawl 


out and disappear. 

Growers who have had much experience say that a man will average 
eight to ten bushels a day with the harvester, although much more can 
be gathered in the best picking. One one farm visited last year, two 
men and two girls had gathered thirty-one bushels the day previous in 
ordinary picking, and one of the men had been in the field only part of 
the time. This shows the first cost of gathering to be less than half a cent 
per quart. Running them through the fanning mill costs but.a trifle ; 
then before marketing they are picked over by hand to remove stems, 
green berries and other litter. This does not cost over one cent a 
pound and is sometimes paid for by the pound at that rate, so that the 
whole cost may be placed at one cent a quart as against two cents 
usually paid for hand picking. Growers who have had experience with 
both methods seem to be united in the opinion that harvesting yields a 
better quality of dried fruit than hand picking, for the reason that, 
if picked by hand, they cannot afford to look them over again after 
drying, and so they do not go to market in as clean and nice condition 
as those which come from the harvester. 

Some extensive and general fruit growers find it inconvenient to 
attend to the matter of looking over the dried product at the same 
time that other fruits, which follow on after the raspberries, are claim- 
ing their attention, and for that reason prefer to pick a large part of 
the crop by hand and market it fresh if they can get pickers con- 
veniently. In that case, they find the harvester a great convenience to 
finish up the last of the crop. Every grower knows how much dis- 
satisfaction and unpleasantness arise in keeping the pickers at their 
work after the berries begin to get thin. With the harvester, the late 
berries can all be finished up at one time with a great deal of satisfac- 
tion to all concerned. This plan is equally available for those who sell 
their fruit fresh. The last of the crop can be gathered and dried, thus 
proving a relief tothe market and the patience of the grower and the 
pickers. This plan of harvesting was invented and introduced by Mr. 
Benedict, of Dundee, N. Y., and is extensively used by the berry 
growers of that region. 

Drying out of doors.—V arious methods of drying are employed, the 
simplest-of which is to dry on boards in the sun. This usually takes 
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from three to five days and the picture shows the way in which it is 
ordinarily done. Platforms or trays about twelve feet long and 
three to four feet wide are made of matched boards. A 


narrow strip is nailed around the edge of each tray to prevent the 


berries from rolling off. The trays rest upon long horses made of 
scantling, to hold them at a convenient height from the ground. A 
little block is tacked across each corner of the trays so that at night or 
in case of a shower they can be stacked up on top of each other and 
covered with boards or canvass. This is of necessity a slow way of 
drying and the cost of lumber for trays to handle a large crop would 
be an item of considerable expense. One of the chief objections to the 


method, however, is the large number of flies which it calls to the scene. 


This does not tend to render the fruit an appetizing product, and must 
act against all dried raspberries in market among those who are familiar 


with the method. Sun-dried raspberries are usually quoted about one 


Drying berries out of doors. 


cent a pound below evaporated berries, but consumers can neyer be sure 
which they are getting. It is possible that these trays might be 
covered with fly netting, but this would increase the time needed for 
drying, and even that does not wholly obviate the difficulty, unless the 
netting is held above the fruit in some way. A recent attempt to dry 
blackberries under glass when covered with netting proved such a 
failure, inducing so much more molding, that it can hardly be 
recommended. 

Drying under Gilass.— Another method employed by those who 
have greenhouses for the winter. forcing of vegetables, is to utilize 
the space under the glass during the berry season for this purpose. 
The cut is reproduced from a photograph taken in a forcing-house 
on the farm of J. W. Corbett, near Watkins, N. Y., in the sum- 
mer of 1892, and is an excellent illustration of this plan of drying. 
In this situation the berries usually dry in about three days in 
bright warm weather and are of course less liable to injury from 
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storms, than outside. The plan is open to the same objec- 
tion regarding flies that was mentioned in the out door drying, how- 
ever. It is advisable to have as much air passing through the house 
as possible, hence the door and ventilators are left open. It would 
seem, however, that by using screen doors and protecting the venti- 
lators with netting, most of the flies might be excluded. 

Drying with Evaporators.— For a business of any considerable extent, 
by far the best way of drying is by means of some good evaporator. 
There are many different makes of these in market, most of which do 
good work. The hot air machines were first introduced and are still very 
largely in use. Later steam came to be used and many of the large 
machines are now fitted for steam heating. These being newer are 


Drying berries in a forcing-house. 


naturally said to be superior, and if they can be operated in connection 
with a plant where exhaust steam can be utilized, they undoubtedly 
possess an advantage. One of the points of superiority is the less 
liability to scorching with steam. From several years’ experience with 
a large hot air machine, however, I do not think this point has 
much weight, for with any reasonable care no fruit is scorched by 
either’ method. The temperature of the stack should run from 160 
degrees to 180 degrees Fahrenheit. One very essential point in any 
machine, whatever the make, is a strong draft of air through the stack. 
The amount of vapor given off by a machine full of hot green fruit is 
very great, and every possible facility is needed for carrying it away. 
The difference in the amount of fruit which can be dried in a damp 
cloudy day and in a bright clear day when the wind is in the northwest, 
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emphasizes this point very strongly. In some of the large horizontal 
machines, it is necessary to secure this draft by means of large fans 
revolved by steam power. With many of the machines in use the 
fruit is put in at the lower end; the trays follow one after the other 
and can only be taken out at the opposite end, necessitating a two 
story building if it is an upright stack. This plan possessess the 
advantage of utilizing all the space in the stack, but, on the other hand, 
it possesses some decided disadvantages. All the trays must be carried 
down stairs or let down through the floor each time they are used, or 
carried back the length of the evaporator if it is a horizontal machine. 
Moreover, all the work must be timed anda tray put in just so often, other- 
wise it may reach the top too green and all operations must stop and 
wait till it is dry, or two or three trays must be put together and be 
sent through the whole length again with the chances that the first will 
then be dried altogether too much. If put in too slow, or if fruit is 
not coming in quite fast enough to keep the business going, it may be 
too dry when it reaches the top the first time. This is especially dis- 
advantageous if it happens to be necessary to dry different kinds of 
fruit which do not require the same length of time in the evaporator. 
In a machine in which the trays are carried on hangers attached to an 
endless chain subject to the control of the operator, all this difficulty is 
done away. The trays are put in and taken out at the same place, and 
any tray can be brought around to the door and examined as often as 
desired and taken out whenready. In putting in fruit, one tray, only, 
is usually placed on a hanger at a time, so that in the natural course of 
the work every tray comes under the eye of the “stackman” as often 
as it needs to be examined. 

I have no accurate figures as to the cost of evaporating, but it can 
be inferred approximately from the price which evaporators charge 
other parties for doing the work. In some sections this charge is one 
cent per quart, in others as low as two cents per pound. Twoand a half 
cents per pound appears 10 be a fair price for drying and cleaning, and 
as the evaporator owner of course expects to make some profit, the 
actual cost must be somewhat below this. ‘Lhe yield varies somewhat 
in different years, so that one cent a quart may mean from three to 
four cents-a pound. 

The berries are taken from the machine when still so soft and juicy 
that to an inexperienced person it does not seem that they could possi- 
bly be kept from spoiling. They are placed on the floor or in bins in a 
curing room somewhere about the building, and are shoveled over 
every day for about three weeks. By this time any excessive moisture 
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will have evaporated and the balance become evenly distributed 
throughout the whole mass, which is by that treatment rendered soft 
and spongy so that it can be readily pressed into the boxes for ship- 
ping, a thing which could not be done if they were dried down hard at 
first. The fruit is of much better quality also, when cured in this way, 
for it soaks out more readily, making a better product in every way. 
Yield.— In reply to the question, “ What do you consider a fair 
average yield per acre of black-caps ?” which was one of the questions 
in a circular before mentioned, I have figures from fifty-eight growers. 
Computing the average from all these replies, as accurately as possible, 
we have for the answer 2,493 quarts, or nearly seventy-eight bushels 
per acre. The majority gave the number of quarts or bushels which 
they considered an average; others placed their answer in the form of from 
‘seventy-five to 100 bushels,” and two gave what they considered high 
or maximum yields, making it a little more difficult to get the exact 
average. 

The lowest estimate given as an average yield was 576 quarts, the 
highest 9,600 quarts. I judge that neither of these are extensive 
‘commercial growers. The latter estimate is very interesting as_ 
showing what can be done with the best culture, for it comes 
from a very intelligent fruit grower, mainly interested in other 
lines and who evidently bases these figures on the® yield in his 
own home garden, as his reply is given in the form of “60 quarts to the 
square rod.” <A majority of the estimates range from 2,000 to 3,200 
quarts. One grower, whose answer to the question is “75 to 125 
bushels,” adds: “ We give closer attention to many of the points 
in berry culture than most growers, and really average better than I 
give you.” An Illinois grower whose estimate is 2,400 to 3,000 quarts 
says: ‘These yields are without any special fertilizing. By using 1,000 
pounds of Mapes’ fruit and vine commercial fertilizer or similar brands, 

the yield can be doubled, we are confident.” 

The yield in pounds of dried product per bushel of green fruit varies 
greatly with different seasons and parts of the same searon. Early in 
a wet season, when the fruit has made a quick, vigorous and watery 
growth, it may take four quarts to make a pound of dried fruit. At 
the end of a very dry season, on the other hand, it may take only two | 
quarts. So far as I have been able to Jearn, growers expect to average 
about ten pounds of dried fruit to the bushel. 

In reply to the question, “In evaporating black-caps, does drought 
materially affect the yield in pounds of dried fruit per acre?” eight 
growers say “No,” and one of them even asserts that he gets more 
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dried fruit per acre in a dry season. Seventeen say that it does affect 


the yield, and three of them add that it injures the quality also. Two 


say “ Yes, if early,” two, “Slightly,” and two, “Not unless very severe.” 
The meaning to be gathered from these replies seems to be that a long 
drought extending through the early part of the season does injure the 
yield, but that dry weather, at ripening time only, does not cause any 
considerable loss, although it is well known that it causes much damage 
to growers who sell fruit fresh. 

Profits.— Basing an estimate on the above figures, we may look for 
750 pounds of dried fruit per acre with good thorough management. 
It is safe to say that this product, through a series of years, will average 
at least 20 cents per pound, making a gross return of $150 per acre 
from fields in full bearing. The cost of harvesting and marketing may 
be summed up about as follows: Harvesting at 4 ct. per quart, $12.50. 
Evaporating at 23 cts. per pound, $18.75. Cleaning for market at 1 ct. 
per pound, $7.50. Marketing at 1 ct. per pound, $7.50. This leaves a 
little over $100 for rent of land, cost of growing and profits. Accurate 
figures concerning cost of production are hard to get and each grower 
can make his own estimates best. A crop of potatoes can be grown 
between the rows the year of setting which will usually pay that year’s 
cultivation exclusive of the costs of plants, while the second year’s 
crop of fruit will do the same and perhaps more. Plants can be bought 
at from $6 to $8 per thousand. If set 3x6 ft. it requires 2,420 plants 


to the acre. Some prefer to plant farther apart than this, in which ~ 


case the number required would be proportionately less. On the whole 
raspberry growing for the purpose of making dried fruit can be recom- 
mended with confidence to the general farmer who is willing to give it 
careful attention. 
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II. Various Observations Upon Raspberries 
and Blackberries. 


Various questions which are frequently asked of the Station are 
here given more or less full answers. Some of them demand a care- 
ful collating of the experiences of successful berry-growers and I con- 
sequently issued a circular to the growers in New York and other 
States, seeking information upon a variety of questions. I have also | 
drawn upon my own experience in commercial berry-growing, and 
upon various experiments made at this Station. 

Average Yields of Red Raspberries and Blackberries.— The aver- 
age yield of red raspberries and blackberries as well as of black 
raspberries was asked of many growers. As to the yield of red rasp- 
berries, fifty-six growers replied and the average, of their answers 
gives 2201 quarts or nearly 69 bushels per acre. The lowest estimate 
given in this case was 640 quarts, and the highest 8000 quarts. 
These were from the same men who gave the lowest aad highest esti- 
mates of the yield of black raspberries respectively, mentioned in Part 
I. Most growers place the yield of black-caps higher than that of 
reds, but six good growers in New York, two in Pennsylvania and one 
in Delaware place the yields of reds higher than of blacks. 

In answer to the same question concerning blackberries, fifty replies 
were received, and the average of them all is 3158 quarts, or over 
98 bushels per acre, the lowest estimate being 1280, and the highest 
10,000 quarts. 

These figures possess great value, both to persons contemplating 
going into berry-growing and to those who are already in the busi- 
ness. (Growers who find their yields below these averages can rest 
assured that something is wrong, and that unless some uncontrollable 
disease is devastating the fields, their system of cultivation undoubt- 
edly needs improving. From the nature of the question, the answers 
are in most cases estimates rather than actual yields obtained, but they 
are estimates based on the practical experience of the growers them- 
selves, hence can be'taken as very reliable guides. 

Pinching back Blackberry Canes.—In reply to the question, “ At 
what height do you pinch your young blackberry canes,” the answers 
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ran about as follows: Five growers pinch at from 12 to 18 inches, 
three at from 18 inches to 2 feet, nine at 2 feet, one at from 2 to 
24 feet, eleven at 2} feet, five at from 23 to 3 feet, eight at 3 feet, 
one at from to 3 to 34 feet, six at 34 feet, two at from 34 to 4 feet, 
eight at 4 feet, two at 5 feet. Six do not pinch at all and one 
expresses doubt as to which is the better method. 

This shows considerable variance in practice, but a decided pre- 
ference for low pruning. Forty-three of those who pinch off the 
young growth, prefer to do it at three feet or less, while 19 cut 
higher than this. It is quite likely that those who prune at 4 and 
5 feet, make this serve as a single pruning and nearly agree with those 
who do not pinch at all. Several growers have found that much 
depends upon the variety and pinch some kinds low, and others not 
at all. Others vary the height according to the soil and vigor of 
growth. One large grower begins at two feet but rises a little higher 
each year to avoid the bearing of wood. Much depends, also, upon 
whether the plants stand alone, or are tied to a wire, after the manner 
of grapes. 

The figures in the following list show the number of times each 
variety was mentioned in answer to the question, ““ What varieties are 
best adapted to close pruning ?” 


Snyder, 19, Bushy varieties, 3, 
Taylor, 8, Wachusett, 2, 

Erie, 6, Karly Harvest, 2, 

All varieties, 6, Bangor, 1, 

Agawam, 6, Stone’s Hardy, 1, 
Wilson, 5, Ohmer, 1, 

Ancient Briton, 5, Minnewaski, 1, 
Kittatinny, 4, All except Wilson, Jr., 1. 
Lawton, 3, 


It has been found that some varieties show a lack of uniformity 
in their manner of bearing fruit. At times, most of it will be found 
close to the main stalk, at other times well out on the laterals. Early 
Harvest, Karly Cluster and Lovett Best are among those which behave 
in this way. It is better to leave such varieties until the blossom buds 
show, before pruning, in order to guage the amount of fruit which 
shall be produced. In the Station gardens here, the Early Cluster has 
borne remarkably fine crops with comparatively close pruning. Wilson 
Karly sets fruit buds thickly near the base of the laterals and should 
consequently receive close pruning on the side growths. Early Har- 
vest requires longer pruning of laterals. 
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Pinching back Red Raspberries.— “Do you pinch back red rasp- 
berry canes; if so, at what height?” In reply to this question, thirty- 
four growers say “ Yes,” two of the number limiting it to strong 
growers, however. Thirty say they do not pinch at all; one pinches 
the first season only and six express doubt as to which is the better 
method. Among those who do practice it, more pinch at three feet 
than at any other given height. Eleven pinch at heights varying from 
fifteen inches to two feet inclusive; twenty-three pinch at heights 
above two feet but not exceeding three feet, and seven above three 
feet. 

This is an interesting question because it shows such a wide differ- 
ence of opinion. In a trip through the berry regions along Seneca 
Lake in the summer of 1292, several growers were found who had been 
pinching back reds but had come to doubt its advisability and were 
that summer letting them take their own course. My own experience 
had led me to pass through the same change of practice and I find that 
many growers elsewhere are making a similar report. From the pres- 
ent knowledge, I am inclined to think that it is better to do no sum- 
mer pruning of red raspberries after the first year or two, unless it is 
in case of very strong growers. In any event, I believe it better to 
pinch low and early if it is to be done at all. If a plant is pinched as 
soon as it reaches twelve to eighteen inches in height, so that it will 
branch low, and develop in a way similar to the Cuthbert plant shown 
in the cut, it is in excellent shape to bear an abundant crop of fruit; 
but if neglected until three or four feet high and then cut back, it will 
usually send out a few weak branches near the top, most of which will 
be more or less badly injured by the winter and making at best a top- 
heavy and unsatisfactory bush. The only possible objection to this 
low branching, shown in the cut on page 206, is the liability to break- © 
ing from the settling of heavy snows; but this danger is usually slight. 

Those who have observed the matter, report that summer pruning | 
increases the tendency to throw up suckers; and if so it is a strong 
argument against the practice. It is a matter of wonder sometimes, 
that red raspberries often make such a feeble lateral growth when 
pinched, but if there is a greater tendency toward the production of 
suckers, that fact may explain it. It should not be inferred that the 
spring pruning is to be omitted also; the bearing canes are then cut 
back one-fourth to one-third, leaving them from 2% to 4 feet high. 
Only the true red raspberries are to be included here. Varieties like 


Shaffer are similar to black-caps in their habit of growth and should 


be pruned like them. 
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Ewaporating Red Raspberries.—In answer to the question “ Would 
it pay to grow red raspberries to evaporate if you had no market for the 
fresh fruit ?” thirty-six growers say “No,” four think it doubtful, and 
five say “Yes.” Three say that it would pay to evaporate the Shaffer 
and perhaps some of the five who answered in the affirmative may have 
had this variety in mind rather than the true reds. Those who have 
tried it seem to be most positive in the belief that it will not pay. One 


— 


A desirable, low-branching cane.— Cuthbert. 


grower says “No! No! Ihave tried it. Five quarts of fresh fruit 
make only a pound of evaporated.” To test the yield in a small way, 
two quarts each of Shaffer and Cuthbert raspberries were dried on 
screens in the greenhouse. The baskets were well heaped, making 
good full measnre, The Shaffers averaged twenty-two and one-quarter 
ounces to the quart and the Cuthberts twenty-three and one-quarter 
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ounces, when put to dry. They were left a week and when taken up 
were dried more than they usually are when taken out of evaporators, 
although they were not hard. Each original quart of Shaffers then 
weighed four ounces and the Cuthberts averaged four and one half 
ounces. The Shaffers in this case were very ripe and soft. They make 
more pounds of dried fruit and are brighter and more attractive in color 
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Undesirable, high-branching canes. 


when dried, if picked a little green, when they are red and have not 
taken on their characteristic dull purple color. Cuthberts dry to a dull 
unattractive color which would be much against them in market. The 
quality of both was excellent, and as the Shaffer is a very heavy yielder, 
t is probable that it might be grown and dried with profit, especially 
if a special market could be found for the product. ‘They are rather 
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soft to gather with the harvester, however, and if gathered in that way 
would be ripe and dark in color. 

Drying Blackberries.— Dried blackberries are nearly always quoted 
in market, yet, so far as I have been able to learn, none are grown for 
that purpose, the supply coming almost wholly from the South, where 
the wild berries are gathered and are dried in the sun. They are j 
usually poor in quality and quoted at a price which would render it we 
very unprofitable to dry them if there were a market for fresh fruit. 
In order to learn something of their adaptability for this purpose, eight 
well-filled quart baskets just as we were selling them fresh, were taken 
for the purpose. They were made to correspond in weight, so that 
each quart, with the basket, weighed one and a half pounds. Deduct- 
ing the weight of the baskets, left three pounds ten and one-half ounces 
of fruit in each of the two lots of four quarts. Granulated sugar was 
freely sprinkled over one lot. Four ounces of sugar was thus used, 
one ounce to each quart, making the weight of this lot plus the sugar 
five pounds fourteen and one-half ounces. Both lots were put in the 
greenhouse to dry August third, on wire screens, and covered with mos- 
quito netting to keep away the flies. After one or two days of sunshine, 
there came one or two cloudy ones and the berries began to mold, so that 
the netting had to be removed. Those treated with sugar molded less 
than the others and stuck to the screens less in drying. August twelfth 
both lots were taken up and weighed. They appeared to be as dry as 
raspberries usually are when put into the curing-room, but quickly 
began to mold again when put ina pile together. The four quarts 
dried without sugar weighed at this date one pound ten and one-half 
ounces. The four quarts dried* with sugar weighed one pound 
fifteen and one-half ounces. From these weights, it seems that 
not over twelve to fourteen pounds of dried fruit to the bushel 
can be expected. The weight of sugar applied seems to be 
retained, and possibly increases the weight slightly in addi- 
tion, by retaining more of the juices of the fruit. Those treated 
with sugar seemed to remain in a softer and better condition for 4 
cooking. Judging from this attempt, the blackberry dries very 
slowly, and under present conditions, at least, there seems to be little 
promise that it can be profitably grown for evaporating purposes. 
The quality of dried blackberries is low. They seem to be lacking in 
sugar and pronounced qualities. Yet the addition of sugar in drying 
and the perfection of methods in evaporating, may enable the grower 
to utilize the surplus crop to advantage. But the chief hindrance to 
such an industry at present is the cheap Southern product. 
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Hardiness of Immature Canes.— Some growers believe that canes 
grown late in the season are hardier than those which have had the 
whole season in which to grow. One Ohio grower reports that in two 
season’s trial, blackberry canes produced after the last of June by 
going through and pulling up all young shoots at that time, were 
loaded with fine berries the following season, while those of the whole 
summer’s growth alongside bore but few. To test this, all the young 
canes were cut from a portion of a row of Snyder blackberries and 
Cuthbert and Shaffer raspberries, July 6, 1892. The canes thrown up 
after that date were allowed to go unpruned until the following spring. 
Upon examination in spring, the Cuthbert canes of late growth were 
found to have come through the winter in better condition than 
those which grew the whole season. They appeared to be farther 
advanced in growth and were uniformly green. The late grown Shaf- 
fers also came through in excellent condition. The row of blackberries 
on which the experiment were tried were badly killed, the late grown 
ones perhaps even more than the others. These later canes produce 
fine fruit, but they are smaller, and, judging from their appearance, the 
yield would be less than on those of longer growth. Whether such 
canes are hardier because they are immature, or whether they are 
really better matured is a question. It may be that starting late in the 
season and making a less rapid growth, they make firmer wood which 
is really in better condition to withstand the winter than the more 
vigorous and succulent earliest growth. Or possibly the early canes 
become somewhat weak and dry and lifeless before the approach of 
winter. 

Removing Young Canes from Old Plantations.— When a plantation 
has reached the age at which it is decided to plow it up, the question 
naturally arises whether it will pay to remove all the young canes in 
the hope of giving more strength to those bearing the last crop. 
Experiments to test this were made by J. H. Hale, on his farm at 
South Glastonbury, Conn., and in a limited way at this Station during 
the present season. Mr. Hale writes as follows concerning the results 
of his own experiment with black-caps: ‘“ Regarding the new canes 
pulled out of the raspberries in the field we visited, we went over the 
whole field and took them out entirely with the exception of one row 
on each of the four varieties. The result was, that the bearing canes 
retained more life and vigor where the young sprouts were broken 
away, and while it made no marked difference in the size and quality 
of the fruit of the earlier pickings, the last two pickings were very 
much greater in quantity and larger in size of fruit where the canes 
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were taken out, adding at least ten per cent to the crop. The season 
was somewhat dry, and the strong new growth in the rows where they 
were left, of course, absorbed a great deal of moisture from the soil, 
and may account entirely for the reduced yield here. In a general 
way, also, the fruit was a little earlier where the new canes were taken 
out.” 

In general, it may be said that our results fully agree with those of 
Mr. Hale. The young canes were removed in both cases about the 
time the plants were in blossom. 

Forcing Raspberries and Blackberries— When the ground began 
to freeze in the fall of 1892, several strong raspberry and blackberry 
plants of bearing age were dug about and when frozen, the ball of 
earth, with the plant, was lifted and transferred to boxes about 20 inches 
square in the forcing-houses. They were placed in a cool or lettuce-_ 
house and came on very slowly, the temperature evidently being too 
low for them, and no fruit ripened before April. One plant placed ina 
warmer house came on much more rapidly. As spring approached, bring- 
ing higher temperature and more sunshine, the plants began to blossom 
freely. At first, no hand pollinating was done, but it did not take long 
to prove that no perfect fruit would be formed without it, and after- 
wards the flowers were pollinated as they appeared, with good and per- 
fectly normal fruit as the result. This can be quickly done by knock- 
ing off the pollen and catching it in a small watch glass set in a 
convenient handle of wood. The pistils are then dipped in this pollen 
in the same way in which tomatoes are pollinated. (See page 52, 
Bulletin 28.) 

With young plants started in boxes or large pots in spring so as to 
be well established when transferred to the forcing-house in the fall or 
winter, there seems to be no reason why good crops of raspberries and 
blackberries can not be grown under glass. They appear to require a 
comparatively high temperature, however, and demand artificial pol- 
lination. 

Thinning the Fruit.— To test the feasibility of thinning berries, 
rows of Cuthbert raspberries and Early Cluster blackberry were 
thinned by clipping off the tips of most of the clusters, and also by 
reducing the number of clusters, especially in the raspberry. The 
result was not encouraging, for the eye could detect no increase of size 
in the berries on thinned plants, and as the principal object was to 
increase the size and attractiveness of the fruit, it seems to have failed 
of its purpose. It should be said, however, that the season was favor- 
able for berries and the crop was very fine. In a very dry season or 
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with varieties much inclined to overbear, the result might be different. 
In general, however, the thinning can be managed well enough and 
much more cheaply by regulating the amount of bearing wood at the 
annual spring pruning. 

Autumn Fruiting.— Certain varieties of raspberries possess a strong 
tendency to bear fruit in autumn on wood of the present season’s 
growth, and it is sometimes recommended to take out the old canes in 
spring in order to induce this habit. To determine whether our com- 
mon varieties would yield to this treatment, plants of Fontenay, Cuth- 
bert and Shaffer were simply mowed off with a scythe in the spring of 
1893 before the young canes started. The results are very definite, if 
not encouraging. The young canes have made a vigorous growth, but 
not a single cluster of flowers has appeared on either the Cuthbert and 
Shaffer plants. There are two or three fine clusters of fruit among the 
Fontenay plants thus treated, but this is one of the European varieties 
which are characterized by more or less continuous fruiting throughout 
the season. Just as good clusters are to be found and apparently as 
many of them where the plants have been treated in the ordinary 
manner. 

The only advantage in autumn fruiting is the production of a small 
amount of fresh fruit for family use late in the season, but this trial 
seems to show little prospect of forcing tardy fruiting by means of 
encouraging a late seasonal growth. 

Liffect of Spraying on Pollination.— It is generally supposed that 
rainy and cloudy weather at blossoming time is injurious to the fruit 
crop, and the question occurs whether frequent spraying with water at 
this period would produce any noticeable effect. On June 15, 1892, 
spraying was begun on Uaroline, Cuthbert and Turner raspberries. At 
that time the ‘‘aroline was well in bloom, while the others were scarcely 
beginning to bloom. The spraying was’ continued until July first two 
to four times each day when the weather was bright and pleasant, but 
omitted when there were rains to take its place. Showers were fre- 
quent during the period, but were well interspersed with bright weather 
and sunshine, 

The results were entirely negative, showing no effect whatever from 
the spraying. The fruits on this portion of the row were just as per- 
fect and abundant, and the plants appeared to suffer no more from 
fungous diseases than those not sprayed. It is to be noted, however, 
that the conditions were not the same as those present in continuous 

7 cloudy weather, for during much of this time the weather was bright, 
and insects were numerous and continued working among the blossoms 


212 AgricutruRAL Exrrerment Station, Iraaca, N.Y. 


regardless of their being wet so that opportunities for pollination were 
good. 

The test is of interest as showing that there need be no fear of inter- 
fering with pollination by spraying for insects or diseases, even if 
necessary to do it at blossoming time. Of course, it should not be done 
at that time, ordinarily, on account of our friends, the bees. 

Diseases.— Frequent inquiries are received at the Station in regard 
to treatment of the fungous diseases which prove such serious enemies 
to berries, and it is greatly to be regretted that so little information 
can be given concerning them. Of some of them we are ignorant even 
of the cause, much less of any method of prevention. ‘There is enough 
work to be done in studying the diseases of this group of plants alone, 
to occupy the exclusive attention of any expert mycologist. The three 
serious diseases which I have met the most frequently are the familiar 
red-rust of the leaves and twigs, the anthracnose or pitting of the 
canes, and an apparently undescribed root-gall. 

The red-rust (Cooma nitens) is one of the diseases which proves 
very disastrous to black raspberries and blackberries in many sections. 
Fortunately, this is comparatively well understood and concerted ener- 
getic treatment on the part of growers will eradicate it. Studies made 
under the direction of the Department of Agriculture have shown that 
it possesses a perennial mycelium which lives over winter in the plant, 
and develops with the young canes the following spring. ' The truth of 
this statement was verified here in a very simple way. In the summer 
of 1892 a single blackberry bush was found in our plantation affected 
with this disease. On June 23, all the canes of this plant were cut off 
close to the ground. New ones immediately sprung up which to the 
eye appeared perfectly healthy. The following spring, however, at the 
usual season, the leaves and twigs were covered with the well known 
orange-red color, showing that the fungus had been continuing its 
growth all along within the tissues of the plant, ready to develop its 
spores at the proper time. With this one fact in the life history of the 
fungus in mind, it is easy to say that a plant once attacked is doomed, 
and that no amount of treatment can ever eradicate the disease from 
its tissues. Spraying may prevent the germination of some of the 
spores which it scatters abroad, but that is all, and it is far more effec- 
tive and cheaper to begin at the source and prevent their production in 
the first place, by rooting out and burning every diseased plant the 
moment it is discovered. It may Also be necessary to look after the 
wild raspberry, blackberry and dewberry plants in the viciaity, for if 
theygare numerous and badly affected the disease may spread from 
them faster than from any other source, 
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The anthracnose. (Gla@osporium venetum) is another serious disease 
with which we are not so well able to scope. It has been found by 
studies at the Connecticut station that a hyphz of this fungus do not 
extend from the old to the new canes as in the red-rust, so that if all 
diseased portions could be cut away it would doubtless prove an effec- 
tive remedy. The fungus isso general and indiscriminate in its attacks, 
however, that in most cases this is wholly impracticable. It is difficult 
to combat it with spraying also, for the reason that it is so hard to get 
all portions of the canes protected with a coating of the material used. 
Professor Green, of Ohio, who has made some experiments, finds reason 
for encouragement in spraying with Bordeaux mixture, but believes 
it will be found necessary to begin with young’ plantations and treat 
them thoroughly every year. This disease is usually first noticed 
upon the canes as discolored and sunken patches, although it may 
attack the leaves also. When the injury to the canes is well seated, 
the berries fail to mature and dry up and hang on the stems, and the 
growth is slight and sickly. The disease is wide-spread. (See Fig. 9 
in Bulletin XIX). 

Another disease is becoming quite prevalent on our grounds and has 
also been observed elsewhere, which manifests itself’ by large knotty 
swellings on the roots. So far, we have observed it only on Turner and 
Hansell raspberries. Its cause seems to be a mystery as no insect or 
fungus has been found in connection with it. Affected plants lose 
their vigor and productiveness and it is common in the rows affected. 
So far, the only thing that can be said’is to avoid setting plants which 
show such swelling on the roots. I am afraid that this disease is more 
common and widespread than anyone knows. Weak and unproductive 
patches in berry plantations should be examined for this root-gall. In 
some parts of Western New York a root-gall of insect origin has been 
serious, but the present disease appears to have a different source. 

The Dewberry of the Pacific Coast.—Within the last two or three 
years, varieties of dewberries which are wild upon the Pacific slope 
have been introduced to cultivation. These dewberries do not appear to 
have been studied and they have not been referred to their botanical 
species. The Skagit Chief and Belle of Washington were received 
from Washington (State) and planted in the fall of 1891. They have 
made a very long slender growth, lying flat upon the ground, and in 
appearance they are very different from the eastern dewberries. The 
Skagit Chief blossomed this season and it proved to be pistillate , 
with no stamens or polien whatever. These varieties belong to the 
species Rubus vitifolius, of the Pacific coast. This is a very peculiar 
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species because some of the plants bear only pistillate blossoms with 
abortive or rudimentary stamens, others bear staminate flowers, while 
still others are perfect flowered. This fact, together with the varia- 
bility in other charaeters of the species, led to much confusion among 
the earlier botanical writers, the two sexual forms having been 
described as different species. In 1827 Chamisso and Schlechtendal 
described one form of the species as Rubus vitifolius.* At the same 
time, on a later page, another form was described by the same authors 
as Rubus ursinus. In 1833 it was again described, this time by 
Douglas as Rubus macropetalus. 

All the blossoms of the Skagit Chief observed this year appeared to 
be purely pistillate. The plants were in blossom June 2d, considerably 
in advance of the other dewberries and blackberries, and as a matter 
of course set no fruit. If all plants of the variety are pistillate, like 
ours, it is useless to plant it alone, and no doubt equally useless to 
plant it with our common varieties, for not only is the blossoming 
period different, but it is doubtful whether pollen from so different a 
species would prove effective in fertilizing it, if present. The Belle of 
Washington dewberry belongs to the same species as the Skagit Chief. 
This did not blossom here this year, so that we were unable to learn 
the character of its flowers. If this should prove to be a perfect or 
staminate form the two may be planted together with some hope of 
success. 

RECAPITULATION. 


1. Black raspberries can be made a profitable farm crop when grown 
for evaporating purposes, and gathered by the aid of the berry har- 
vester, regardless of proximity to markets. An average yield with 
good culture is about 75 or 80 bushels per acre. 

2. An average yield of red raspberries is about 70 bushels per acre. 
An average yield of blackberries is about 100 bushels per acre. 

3. A majority of growers find low summer pinching of blackberries 
best for most varieties. 

4, Growers are about equally divided in opinion as to whether red 
raspberries should be pinched back at all in summer. If pinched, it 
should be done low and early. ‘The canes should be made to branch 
low. 

5. Evaporating red raspberries has not yet proved profitable. 


. *RUBUS VITIFOLIUS, Cham. & Schlecht. Linnza, ii. 10 (1827). 
R. ursinus Cham. & Schlecht, l.c. 11. 
R. macropetalus, Douglas, Hook, Fl. Bor.-Am. i. 178 (1888). 
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6. There seems to be no immediate prospect that blackberries can be 
profitably grown for evaporating purposes. 

7. Berry canes which made their entire growth after July 6th, stood 
the winter as well or better than those which grew during the whole 
season. 

8. Removing all young canes from a plantation bearing its last crop 
of fruit materially increases the yield. 

9. Raspberries and blackberries can be successfully grown under 
glass, but require artificial pollination and a comparatively high 
temperature. ev: 

10. Under ordinary conditions, thinning the fruit of raspberries 
and blackberries other than that done by the spring pruning, does not 
pay. 
11, Cutting off the bearing canes early in spring does not induce 
autumn fruiting of raspberries. 

12. Frequent spraying with water throughout the blossoming period 
did not interfere with pollination and subsequent fruit production. 

18. The only remedy for red-rust is to dig up and burn at once 
every plant found to be affected. Cut away and burn all canes affected 
with anthracnose pits and spray the plantation with Bordeaux mixture. 
ioot-galls weaken the plants, causing them to appear as if suffering 
from poor soil. Removing the plants and burning the roots is the only 
remedy. 

14, The dewberry of the Pacific slope is Rubus vitifolius. This 
species often bears imperfect or pistillate flowers. The Skagit Chief 
bore pistillate flowers with us and was therefore infertile with itself. 
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The Four-lined Leaf-bug. 


Peecilocapsus lineatus. 


Orprr Hemiprera; family Capsip®. 


During the past three years this insect has been very destructive to 
the foliage of currant and gooseberry bushes in several localities in our 
State and in other States. In some instances it has rivaled the well- 
known Imported Currant Worm (Nematus ventricosus) in destructive- 
ness, and it has proven a much harder pest to control. 

In 1892 it was first noticed in alarming numbers on the currant and | 
gooseberry bushes in the horticultural garden at this Station. By the 


Fic. 1— Currant leaves killed by the insect. 


middle of June nearly one-half of the leaves on the new growth turned 
brown, curled up and died (Fic. 1). The red, the white, the black and 
the Crandall flowering currants, and the gooseberries of all varieties 
were attacked. The bushes looked as though a fire had swept over 
them, leaving the prominent top-most leaves brown and dead. The 
death of these leaves so early in the season greatly checked, and in 
many cases entirely stopped, the new growth that the bushes would 
have otherwise made. As the insect usually confines its attacks to the 
leaves of the new growth, the fruiting portions of the bushes are 
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injured but little for that season. But the check given to the new 
growth must materially affect the future bearing capacity of the whole 
bush and especially of these newer portions. 

The present season, 1893, the pest again appeared in the horticultural] 
garden but was less numerous and did less damage than in 1892. 
However, judging from the number of eggs laid this year, the pest 
will be as numerous as ever next summer. Mr. Chapman, at Peruville, 
N. Y., also had his bushes badly damaged by the insect this year. 

Thus in its attacks upon currants and gooseberries during the last 
two years, the pest has shown itself a destructive and formidable foe. 
And the study of its past history which follows, shows that it has 
many other food-plants and more fully emphasizes the importance of 
the pest and the necessity for all the knowledge possible regarding its 
habits and life history that it may be combatted intelligently and~ 
effectually. 


THe Past History, DrstRucTIVENESS AND DISTRIBUTION OF THIS 
inst: 


Unlike many of our worst pests, this insect is not an importation 
from Europe. It is a native to North America. In 1798 the species 
was described hy Fabricius, an European, who discovered it in a collec- 
tion of insects from North America. It thus received its name in 
Europe nearly a century ago. Thirty-four vears later, Say, an 
American entomologist, redescribed the insect under the name Capsus 
4-vittatus, but suspected that it might be Lygaeus lineatus of Fabricius. 
The further history of the insect in this country may be conveniently 
grouped under two headings. 

In New York State.— The first record of the occurrence of the pest 
in our State is in 1854. Emmons then figured (as a new species without 
any description or note) the insect as a New York species. 

We next hear of the pest in our State as seriously injuring 
Dahlias. Dr. Fitch says that in 1858 he learned from Mr. Chatfield, 
an Albany florist, that upon all his dahlia plants that year, the first 
flower bud which appeared was attacked by these bugs and punctured 
so that it withered. The two or three flower stalks that then came 
forth from the base of this one were destroyed in the same manner. 
Other flower stalks put forth from the bases of these shared the same 
fate. The result was an enormously broad mass of leaves and stalks 
grew from one root, without a single flower resulting from the multi- 
tude of buds which had been developed. In 1864 Mr. Heffron, of 
Utica, told Dr. Fitch that these bugs had so infested his dahlias that 
only three or four little imperfect flowers were produced. And that 


Tue Four-tinep Lrar-Boa. | 9921 


in all the neighboring gardens that year the insect had been so 
destructive that no dahlias were to be had.* 

In 1870 a wiegelia growing at Salem, N. Y., was noticed by Dr. 
Fitch to be so thronged with these bugs that scarcely a leaf was free 
from the rusty yellow spots and many leaves were dead. Some time 
before Dr. Fitch says he had met with the insect puncturing the 
flower buds of rose, causing them to perish. He also saw them on the 
leaves of currant, but never in sufficient numbers to do any appreciable 
injury. It was also known by Dr. Fitch to occur in sufticient numbers 
to destroy a portion of the leaves of the bittersweet (Solanum 
dulcamera) and tansy. He also records finding the insect on plantain, 
soapwort, snap-dragon, sumach and burning-bush. Some black spots 
occurring upon the green succulent ends of raspberry bushes were sup- 
posed by Dr. Fitch to have been made by this pest. This injury was, 
however, doubtless due to some other cause; for this insect has never 
been recorded as attacking raspberry, and although there was a row ~ 
of raspberry bushes next to the currants upon which the insect worked 
in the horticultural garden here the former were not attacked. 

It was not until 1881 that the pest again attracted notice in our 
State. Then Dr. Lintner found the insect very numerous on a black 
currant bush in his garden at Albany. Hardly a leaf on the whole 
bush escaped injury and the more tender ones were killed. Dr. Lint- 
ner also records a severe attack upon day-lilies in his garden about 
this time; their foliage was entirely destroyed. The pest has been 
observed in the same garden each year since, but not in destructive 
numbers. 


*These facts may explain why ‘‘the dahlia has ceased t» be a flowering 
plant in Western New York,” as Mr. Chamberlain, of Buffalo, says in a letter 
to the Garden and Forest for October 4, 1898. He says the plants are thrifty . 
enough, but if buds form they all blast. Sometimes the young shoots have 
the appearance of naving been stung by insects, but often buds turn black 
when half grown, with no appearance of insect interference. Such plants 
naturally throw their growth into the tubers. In the reply which follows the 
letter Messrs. Ellwanger & Barry, of Rochester, say that for several years 
their plants have not flowered to their entire satisfaction. They attribute 
the failure largely to continued dry weather and that growers usually allow 
too many stems to proceed from the same, plant. They have not noticed 
that the plant has received any serious injury from insects or from fungi. 

The evidence offered by Dr. Fitch seems conclusive that similar effects are 
produced on dahlias by the attacks of the pest. There is need, however, of 
more observations on this point. If growers will watch their dahlias closely 
they can soon determine whether or not this widespread loss of flowers is due 
to the punctures of this insect. 
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In 1884 the pest made a serious attack upon gooseberry bushes at 
the Experiment Station at Geneva, N. Y., and so injured the young 
tips that they have shriveled, withered down and died. During the 
preceding three years the insect had been present in the same garden, 
And in 1885 it did considerable damage to sage in this garden and also 
at Batavia, N. Y. In 1887 Dr. Lintner answered a query in regard to 
the pest which was destroying the correspondent’s currant bushes at 
Fairmount, N. Y. And in the same year Mr. Van Duzee captured the 
insect in the neighborhood of Buffalo. This completes the record of 
the insect in our State up to the outbreak in the horticultural garden 
here in 1892. 

Occurrence of the pest elsewhere.— In 1832 Say recorded the insect as 
common in the Northwest Territory, Pennsylvania, Indiana, Missouri 
and Georgia. In 1869 the editors of the American Entomologist received — 
specimens of the insect from a correspondent in Painesville, O. It 
had appeared there the year before and was then quite injurious to the | 
leaves of currant and various other shrubs, as wiegelia, deutzia, etc. 
Dr. Le Baron in 1861 found that the insect had done considerable dam- 
age to his currant bushes and still more to some parsnips in his garden 
in Illinois. In the same year Saunders says he had seen the insect 
upon currant bushes in Ontario, Canada, but never in alarming num- 
bers. He had, however, seen it almost entirely destroy patches of mint 
and other plants. In 1875 Glover recorded the insect as very common 
in Maryland; and added another food-plant, the potato. Dr. Uhler 
in 1878 examined specimens of the insect taken near Pembina, North 
Dakota. He said it appeared to be common in many parts of the 
Northwest on the eastern side of the Rocky Mountains. 

In May, 1886, Dr. Riley found the nymphs blighting the young 
shoots of both gooseberry and currant bushes at Columbus, O. In the 
same year Mr. Webster experimented with the insect at La Fayette, 
Ind., but failed to determine whether the insect injected a poisonous 
saliva into the wounds made by its beak, thereby causing the death of 
the punctured object. Prof. Weed found the pest affecting a 
considerable percentage of the terminal shoots of currant and goose- 
berry bushes on the grounds of the Ohio Experiment Station at 
Columbus in 1888. The same season Mr. Manning reports it as injur- 
ing more than twenty different species of plants in gardens at Brook- 
line, Mass. The next we hear of the insect is from Kirkwood, Mo., 
where Miss Murtfeldt found it doing considerable damage to clover in 
1890. The same year Prof. Smith lists as common throughout 
New Jersey. Prof. Cook records the msect as uncommonly numer- 
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ous and destructive in Michigan to currant in 1891. In 1892, according 
to Coryell, the pest again appeared in Michigan but was less destructive 
than the preceding year. 

From this study of the past history of the insect it will be seen that 
it is an old offender, having first attracted attention as a pest as early 
as 1858. New York and Michigan thus far seem to have suffered the 
most from the insect, although it is present in alarming numbers in 
several States. In our State, dahlias, currant and gooseberry bushes, 
and sage have so far suffered the most. 

The record shows that the pest has a very wide distribution in North 
America, extending from Canada down through the Atlantic States to 
Georgia, and across the United States north of the Ohio River and 
reaching to the Rocky Mountains. It has not yet been recorded west 
of the Rockies nor from the central Southern States, but it is quite 
probable that it occurs in both these regions. 


Foop—PLANTs OF THE Psst. 


The past history of the insect as above narrated shows a surprisingly 
wide range of food-plants. This fact is more strikingly illustrated in 
the following list of all of the plants upon which the insect has been 
found feeding as recorded by the different observers. The names are 
arranged in groups that indicate whether the plants were being grown 
for food or medicine, or for ornament, or were growing wild and thus 
might be termed weeds. The extent to which the different plants 
were injured by the insect is indicated opposite each. 


Plants Cultivated for Food or Medicine. 


Name. Extent of injury. 
Radish ME SE se wars e ie terere sh ek at ov ankcoei aie ids clad ... Slight. 
RETOMER 2 cele eerie eel raraie cytotec cancers g Bar ei noes ate Considerable. 
GA oie Sheol are IS ater Pan en ee teuto ss ney PM eR neta EK Se Slight. 
Crmant, Red, White and Blackie ))yc ecu eegoe. LS Very bad. 
UCD (E] OTE) 1 yO eee aed RE IRI ARDS <A Ae Very bad. 
ROTI TSTES 4) Giada GP Mire Gn eR avo.) Slight. 

CCUG INI a eee whae o's oo ile) n'a] a SY cane ROU aaet is as SV ah Slight. 
PAT STALDY | sysx ehnee Se aetel gate 5d lt awe aia a REAR conlinee 24 oh ope Very bad. 
Valeriand, Offtcinaig soos js se B4alee Spel eh) = se ciee Bad. 

PPR EUGO uj -stpie o rateetets ue lar ale (ys (n'a Cha rdueatahetal ap le| «ono. 6 en aligigate Slight. 
LOS TES SRR pete fees oF <A COP >< sg .-- 0 plight, 
BOMRTIE  (RACIOLIO().- ey arte etadan ala 16 oy sas 5 cates oe 6.6 aos. ef cea Very bad. 


eRe kali. ralet Anu dehy! (<0 Wie 4\s = <4 eelbs els oa/'s Biajala ey Bad. 
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Plants Cultivated for Ornament. 
Name Extent of injury. 


Perennial Honesty (Lunaria rediviva) .........00000. Very bad. 
AMA APLOMB) 05 'g on nine ss leredeteys ri 0:2, 6.0 bis) pss Plea teruaetels Slight. 
Shrubby Althea (Hibiscus syriacus)........+0.2+e000 Considerable. 
Geraniums (Pelargonium) .. 1... .00cv8sseccenevacace Considerable. 
Burning-bush (Huonymus atropurpures) ......6..065 Slight. 
Japanese Maple (Acer japonicum) ..........000.0- 08: Considerable. 
PRL a eis! c's'-< ‘sn 3 tov ater dn oiere eiastys ep mish Beeeod Phe Oh a acca encte Slight. 

SOME ION rc s enalo's a bchrain el nepe tein epaeeine = stale palais ata shete Slight 

RMN ope salene/ sae ve ke welt 6 SI he aie te euchetera tte euetoe ie alone s Bad 
OLIN AeTITTAN Te, «ihre: «hy -.c{cia S epad nips anlsteb beste eueen > Very bad. 
Deutzia crenata ...... srecob carte Bie via ele asia PRE) bia ore Bad. 
Hydrangea paniculata grandiflora wc... cece eee cece Considerable. 
Syringa (Philadelphus coronarius aureus) .........+.. Considerable. 
Hercules’ Club (Araha ‘spinosa) 0. Ose ae oil Considerable. 
ereterslan( Der elie) wij. hi. i ates sie iy aiecatale ee acre RIOG aici ors Very bad. 
Sear SAM PM OTNUTIS,» <5. ets. tesco n'a Se oos Gg arejs ang a ere etc oleae Considerable. 
WACO) yn 5 wie is! Gite Ges oleh e mee Mena cloiw\e afeuor'e a tcace ee yt oat Considerable. 
PRUE Ne hs arals Look eonlgna oigte Soatait's, a alsbevarte’s we ooabe atte Very bad. 
Bellflower (Campanula persicaefolia) ....... 0.0 e eee Considerable. 
BU RRECH UC CLOUT OUNES ot.'0. aa cha raie «ore s'e w e0in nie + sage © ee me Bad. 

PIU BUT) TULLCOBO 2. ook» einin'S'ohp' ee, viata ete 0 e(s EAeia tar Geal CORK Considerable. 
Jacob’s Ladder (Polemonium reptans).........cee eee Considerable. 
BUEMOLE OPO (2 2. 0rs/aty aisiats mage ntwicin er four a mnie aise ete aoe tate oh Bad. 
Peeve GOL: kate cc wien, shs chaise ova eet Our we ly so mahale cae ele ee Slight. 
Bittersweet (Solanum dulcamera) ........c cece ee eeee Bad. 
Snupdracon  (ANtirrhiiii) s. sa nee sees eines cone Slight. 

Mey Mly CPICINEFOCAUTR)® <2. abe s\eishardia’pivin oe here tle se sais he Very bad. 


Our observations add to this list the Verbena and Flowering Tobacco 
(Nicotiana affinis), both injured considerably. 


Weeds. 

Name. Extent of injury. 
Buttercup. (Ranwnewlus acris) 00 eee eee ss Bad. 
Bouncing Bet (Saponaria officinalis) ..... 00... c eee Slight. 
St. John’s Wort (Hypericum perforatum). ...-....00- Bad. 
Nps Comer ants; 5. ikehgiets yc’. aes Fecdh Sale Cees iege Bad. 
Bedstraw (Gallium. boreale)... cis c'atiste sls valet velo s3 Considerable. 
RTRSTINY ss oa, eos 6 (cS 4» ob seeians oArek y Glee RUMEN StS Larus Considerable. 
RRNMENTATI 0, 2c 4 chor svete ARO nse etdiase BAM ME eh decree Na Slight 
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We have also seen the Dandelion and Burdock injured slightly, and 
the Canada Thistle considerably by the insect. 

Botanically considered these lists are of interest as they show an 
exceedingly wide range of food-plants for a single species of insect. 
Rarely do we find an insect attackin g indiscriminately so many differ- 
ent plants with such widely different characteristics. The fifty-four 
species of plants represent forty-nine genera in thirty-one different 


_ families of the Flowering Plants. The Gymnosperms like the pine, etc., 


are not represented, and but one genus (Hemerocallis) of the Monoco- 
tyledons. Fourteen of the plants are useful for food or medicine; 
twenty-nine are ornamental; while but eleven are wild species. Thus 
the beneficial results from the attack, rarely severe, of the insect upon 
the weeds, so termed, is slight compared with its frequently very injuri- 
ous attacks upon the cultivated plants. 

The insect seems to have fully realized that “ variety is the spice of 
life;” for it shows no impartiality, notwithstanding the juice of the 
leaves may be acrid, bitter, aromatic, mucilaginous, bland, or sweet, and 
their surfaces be rough or smooth. This list of the food plants is also 
of interest in connection with the egg- laying habits to De discussed on 
another page. 


INDICATIONS OF THE PRESENCE OF THE Pest. 


The insect usually makes its first appearance in this State about the 


middle of May on the newest, tenderest terminal leaves. The insects 


OW 


are then so small and active in hiding themselves that they are not apt 


Fig, 2.— Currant leaf, showing the characteristic spots made by the insect, natural size. 
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to attract attention. Their work, however, soon becomes apparent. 
Minute semi-transparent darkish spots appear on the terminal leaves. 
These spots are scarcely larger than a common pin’s head, and are round 
or slightly angular in shape depending upon the direction of the minute 
veinlets of the leaf which bound them. The insect has inserted its beak 
into the leaf and sucked out nearly all of the opaque green pulp or 
parenchyma of the interior within a small area bounded by the little 
veinlets. (Fig. 2.) The upper and lower epidermal layers of the leaf 


are not disturbed, except where the beak was inserted through ~ 


one, and when the interior pulp is withdrawn these layers soon 
collapse, thus giving the spot a slightly depressed appearance. For 
two or three days these spots are not very conspicuous, as they differ 
but little in color from the remainder of the leaf. Soon, however, the 


collapsed epidermal layers turn brown and die, thus rendering the spots — 


quite opaque and conspicuous. They are slightly more noticeable on 
the lighter lower side of the leaf than on the upper side. 

As the insects increase in size they suck out the parenchyma from 
larger areas, the spots then often measuring one-tenth of an inch in 
diameter. If one insect confines its attack to a single leaf for some 
time, or when more than one works on the same leaf, the-e spots often 


coalesce and frequently the whole leaf turns brown, curls up and dies; ~ 


being brittle it is often torn and broken by the wind. (Fig. 1.) In 
1892 the injury to the currants and gooseberries in the horticultural 
garden here reached this stage and the whole field looked as though « 
fire had swept quickly through.and killed the terminal leaves. When 
all the tenderest leaves have succumbed, the insect continues its attack 
on the older leaves lower down. During its lifetime a single insect 
will destroy at least two or three currant or gooseberry leaves. This 
accounts for the fact that the injury wrought often seems much out of 
proportion to the number of insects at work. 


When the insects are very numerous, the growth of the shoots is_ 


often checked, they droop, wither and die. Some have thought that 
this blasting of the growth was caused by a poisonous saliva which the 
insect injected into the wound made by its beak. However, it is more 
probable that the shoot dies or its growth is checked on account of the 
death of its breathing organs —the leaves. On the currant, gooseberry 
and many other plants, the insect confines its attacks to the leaves, but 
on some ornamental plants, as the dahlia and rose, the most frequent 
point of attack seems to be the buds. This peculiar phase of the 
attacks of the pest has been described in the discussion of the past 
history of the insect. 
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In brief, the presence of the pest is indicated by the appearance of 
peculiar brown depressed spots (Fig. 2) on the tender terminal leaves. 
As the attack continues, whole leaves turn brown, curl up, become 
brittle and are torn or broken by the wind. (Fig. 1.) The young shoot 
is checked and frequently droops and dies. The buds of dahlias and 
roses are often blasted. . 


Tue Insect’s APPEARANCE. 


The immature form. (Figures 4, 5, 6, 7 and 8.) — These immature 
forms of the insect are called nymphs. When first hatched (Fig. 4) 
they are so small that it would take nearly twenty of them placed end 
to end to measure an inch. (The hair lines at the right of the figures 
in each case indicate the natural size of the insect.) They are easily 
recognized, however, on account of the shining vermilion red color of 
the body marked with large blackish gpots on the thorax. The antenne 
and legs are of a greenish black color. The nymphs grow quite rapidly, 
casting off their skin five times and undergoing considerable changes in 
matkings as shown in the figures, The body retains the same vermilion 
red color until the last nymphal stage is reached. The large black 
spots on the thorax of the newly hatched nymphs are seen to be the 
beginnings of the wing pads which gradually become more and more 
apparent at each moult, as shown in the figures. 

The full grown nymph (Fig. 8) is of a bright orange yellow color 
and measures about 5.5 mm. (.21 inch) in length. Their black wing 
pads, which now have a broad yellowish green stripe near the outer 
margin, are very conspicuous and extend nearly half way to the end of 
the abdomen, which is also marked with black. The eyes are prominent 
and of a dark reddish brown color. The general shape of the nymphs, 
the relative proportion of the different parts, and the hairs and black 
markings on the antenne, legs and other parts of their bodies are well 
represented in the figures 4 to 8. At the fifth or last moult the adult 
insect appears. 

The adult insect.— Figure & shows the general shape and the char- 
acteristic black markings of the adult insect as seen from above. In 
the smaller figure at the right the adult is represented natural size. 
The general color of the body is bright orange yellow; the legs and 
the portions between the black stripes on the thorax and wing covers 
are of a dark apple green color, which usually changes to a 
lemon yellow after death. The wing covers are mostly of a leathery 
texture; the black caudal portion which slopes downward at an angle 
of about 45 degrees.is membraneous with the exception of a triangular 
green portion that usually has a small black spot near its center. The 
prominent eyes are of a very dark reddish brown color. ‘he sexes are 


rs 


‘ 
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easily ‘distinguished. The females are slightly larger and broader; 
their abdomen is considerably larger, blunter, and somewhat keel- 
shaped (Fig. 9, c); the caudal border of the segments and the edge of 


Fig. 3.— The adult insect; its natural size represented in small figure at the right. 


the keel are sometimes blackish in. color. The smaller abdomen of the 
male is more nearly cylindrical caudad and is provided with two black 
curved hook-like claspers near the tip, which is black on the venter. 
The four black stripes on the dorsum of the thorax are also usually 
noticeable wider in the males. 


Its CLASSIFICATION. 


Many persons in speaking of insects in a popular way call them 
“bugs.” However, all insects are not bugs, but all bugs are insects 
In other words, when the term bug is properly applied to an insect it 
means that the insect belongs to a certain division, called the order 
Hemiptera, of the whole great group of insects. Thus only those 
insects which belong to the order of Hemiptera are true bugs. Famil- 
iar examples of bugs are the Scale-insects, the well-known Plant-lice, 
the Pear Psylla, the Bed-bug, the Chinch Bug, and the Squash Bug. 

The pest under discussion is one of the true bugs. It is a member 
of one of the largest families, the Capsidae, into which order Hemép- 
tera is divided. The Chinch Bug belongs to a closely allied family. 
There are several hundred members of the family Capsidae and most 
of them live chiefly on the leaves of plants from which they derive 
their nourishment. Professor Comstock has, therefore, in his “ First 
Lessons in the Study of Insects” (now in press) very aptly given to 
the Capsidae the popular name “ Leaf-bugs.” 

Its scientific name.— The name by which this bug is now recognized. 
by naturalists is Poecilocapsus lineatus. A glance at the synonomy of 
the insect as given on another page will show that it has had other 


i 
. | 
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names since it was christened by Fabricius nearly a century ago. But 
the law of priorty requires the recognition of the specific name lineatus 
(the Latin word for lined or striped) given by Fabricius. The genus 
Poecilocapsus was established for the reception of this and allied species 
in 1875 by a Swedish writer. The first part of the word Poeczio, is a 
Greek word meaning many-colored or spotted; capsus is a Latin word 
signifying wagon-body or an enclosure for animals. Thus the many- 
colored or striped appearance of the insect is twice suggested in its 
scientific name. The word capsus is without signification when applied 
to these Leaf-bugs. 

‘Its popular name.— Most of our common insects, and especially 
those of economic importance, have received popular names. Various 
things suggest these names, as the food-plant and the habits of the 
insect, like the Squash Bug and Apple-tree Borer, or some peculiar 
characteristic of the insect as the 15-spotted Lady-bird Beetle. Unfor- 
tunately, however, the same insect may have several of these names, | 
depending upon the locality or the author who writes it. For instance 
a certain insect is known in one locality as the Buffalo-bug or moth, 
in another the Carpet-bug, and in still others the Russian-moth. 

The pest under discussion well illustrates this point. Dr. Fitch in 
writing of it in New York in 1870 called it the Black-lined Plant-bug. 
In 1891 .Cook of Michigan named it the Yellow-lined Currant-bug.* 
The Four-striped Plant-bug is the name applied to the 
insect by LeBaron of Illinois in 1871. This name has also been 
used by Saunders in Canada in 1872 and 1883, by Glover, United States 
Entomologist, in 1876, by Weed of Ohio in 1888, and by Jack in 
Massachusetts in 1890. Still another name, the one that has priority 
over all the others, is the Four-lined Leaf-bug which was given to the 
pest in 1869 by Walsh and Riley. Dr. Lintner has used this name in 
all his writings on the pest in our State. Miss Murtfeldt of Missouri, 
also used it in 1891. And it occurs in Professor Comstock’s text-books 
on entomology. The name comes from the number of stripes on the 
insect, and from its being one of the Leaf-bugs. It is thus the most 
appropriate popular name that has been proposed. It also has priority, 
has been used by out State Entomologist, and will come into use through 


«This name is quite inappropriate as the general body color is yellowish and 
the stripes black, besides what are designated as yellow stripes are almost 
always in life of an apple green color, which usually changes to a lemon yel- 
low several days after death. Again the pest is such a general feeder that it 


‘may as appropriately be called the gooseberry, the dahlia, the sage, or the 


mint-bug, etc. 


- 


- 
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the text-books mentioned. For these reasons it has seemed best to use 
the popular name, the Four-Lined Leaf-bug, in this bulletin. 


Tux Lire History or THE Psst. 


Heretofore but little has been known of the life history of the Four- 
lined Leaf-bug. The earlier observers have given us graphic and quite 
accurate accounts of its habits and manner of working. And unfortu- 
nately they tried to reason out its life history from their knowledge of 
the life histories of allied insects. ‘“ Bad matters have been made 
worse ” by later writers who have not tried to verify from observation 
the guesses of the early observers ; and in consequence most of the pre- 
ventive methods at present recommended to control this pest, being 
based upon the old theories, are found to be entirely useless when its 
true life history is observed. he 

It is curious how some of these unfortunate guesses of the earlier 
entomologists will cling to the literature and be handed down by later 
writers until it seems almost presumptuous to doubt them. Our obser- 
vations upon the Four-lined Leaf-bug during the past two years have 
shown it to bea striking example of the necessity for more observations 
upon our common insects and less theorizing on the guesses of earlier 
writers who, however, “ builded the best they knew” with their meagre 
facilities and left works which are mines of entertaining and useful 
information. epee 

All of our observations have been made upon the pest as it works 
upon currant and gooseberry bushes, but the discussion will consider 
its other food-plants as well. Our attention was first called to the insect 
in the latter part of June, 1892, after it had reached its adult stage. 
Many observations were made to discover the eggs of the insect, and 
failing in this, every available hiding place was examined through the 
fall and early spring of 1893, tofind the adults which we supposed were 
in hibernation. However, no trace of the insect could be found after 
it left the bushes in July. 


Fie. 4.—Nymph recently hatched; first stage. Fie. 5.—Nymph after first moult; second stage. 

_ During the present year we have been more successful. The insect 
has been under observation both in the field and insectary during the 
whole season, with the result that, although the insect has been known 
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for nearly a century, its true life history can now be recorded for the 
first time. | 

Its first appearance in the spring.— The first indications of the 
appearance of the insect on the currants in the Horticultural garden 
this year was about May 27* At that ‘ime many minute vermilion 
red creatures (Fig 4) wére seen at work on the tenderest leaves of the 
new growth. It was at once suspected that these little nymphs were 
an early stage of the pest which had done so much damage the year 


Fic. 6—Nymph after second moult; third stage. 


before. The eggs from which they hatched were soon discovered; and 
a detailed study of the habits and transformation of the nymphs, 
from the time they left the egg until they reached the adult stage was 
begun. 


Detailed account of the different stages._- Several of the recently 
hatched nymphs were isolated in cages in the insectary and their devel- 
ment watched. It was found that they 
moulted (or cast off their old skins for new 
elastic ones which formed underneath the 
old) five times, or passed through five 
nymphal stages before the adult stage was 
reached. Figures 4, 5, 6,7 and 8 represent 
the insect on its first, second, third, fourth 
and fifth nyniphal stages respectively as 
seen from above. All of the figures are, 
of course, much magnified as is shown by 
the hair line on the right of each which jy¢. 7, Nymph after third moult: 
represents its naturallength. But as all of forth stage: 

the figures were drawn through a camera lucida to the same scale they 


*The first appearance of the pest in the spring has not been before recorded. 
But from the fact that adults have been seen as early as June 2 in Ohio, 
the nymphs must appear a week or ten days earlier in some years. Mr. Web- 
ster says he used adults of this species in his experiments in Indiana on May 
22. It seems as though there must be some mistake here, or else spring opened 
much earlier than usual so that the first nymphs appeared about May 4. 
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represent the relative differences in size between the different stages; 
and the state ee cele of the conspicuous black wing pads, in figure 

acini 8, from what seems but black 
spots in the first stage. The 
figures also show, clearer 
than descriptions would, the 
changes which take place in 
the black markings on the 
body and its appendages at 
| the different moults. 

During the first three stages 
the whole body is of a vermil- 
ion red color with the legs 
and anteanaz blackish green; 


the last antennal joint has a 


Fie. 8.—Nymph after fourth moult; fifth and last 4- ,- ; 
Dae Av tnbhRLGtaEG. = anc “®8° distinct reddish shade and is 


slightly enlarged. In the fourth and fifth stages the distal half of the 

second and all of the third and fourth joints of the antennez are black; 
the last joint becomes slenderer, and the basal portion of each antenna 

and the legs are of alight yellowish green color with two irregular bands 
_ of black across the dorsal aspect of each femur, and a yellowish green 
stripe appears on each wing pad. In the fourth stage the head and 
first thoracic segment are orange yellow in color, and a day or two 
after the fourth moult the whole body is of a similar color with irregu- 
lar lighter yellowish stripes between the rows of black spots on the 
abdomen. In all the nymphal stages hairs occur on the head and arise 
in rows from black spots on each abdominal segment. In all stages of 
the insect, including the adult, the antenne are thickly set with black 
hair, and as each joint is lighter at its extremities they have a ringed 
appearance; the legs are set with many short black spines; the eyes 
are always prominent and of a dark reddish brown color; the tip of the 
beak is black and a large black spot occurs on its base. 

The newly hatched nymph (Fig. 4) measures 1.3 mm. (.05 inch) in 
length. The first moult occurs in three or four days. 

The second nymphal stage (Fig. 5) lasts three days, and the insect 
attains a length of 2.1 mm. (0.8 inch). 

After its third moult (Fig. 6) the nymph increases in length to 
three mm. (.12 inch), and the fourth moult occurs in from two to three 
days. 

The fourth stage (Fig. 7) is passed in from five to seven days, and 
the nymph then measures 3.7 mm. (1.45 inch) in length. 
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The insect reaches its fifth and last nymphal stage (Fig. 8), the pupa 
of some authors, in from thirteen to fifteen days after leaving the egg. 
The duration of this stage is from four to five days, and the nymph 
measures 5.5 mm. (.21 inch) in length when the final or fifth moult 
occurs at which the adult insect appears.* Thus the nymphal stage of 
the insect is passed in from seventeen to twenty days. 

The adults first appeared this year about June 13. This agrees with 
most of the recorded dates of their first appearance. Figure 3 repre- 
sents the typical marking of the adult. Considerable variations occur 
besides the sexual one pointed out in discussing the appearance of the 


* Dr. Lintner has watched this moult and described it in detail. He says: 
‘‘ The change from the pupa to the perfect insect was made in so short a time, 
that although more than a hundred examples underwent their transformation 
in a glass jar upon my table where they were frequently examined, yet in only 
one instance was the operation detected. It proved so interesting, particularly 
in the attendant gradual change of color, that it was watched and the follow- 
ing notes thereof taken. 

When first discovered the pupal integument had split upon the back and 
separated so as to show the larger part of the thorax of the inclosed insect, 
the basal portion of the wings and the intermediate scutellum. The charac- 
teristic and conspicuous black marks pertaining to maturity were entirely 
absent—the only shades observable being orange, yellow and white; the 
_ thorax was pale yellow, the scutellum light yellow with its lateral angles 
orange; the wings were white. In this condition the insect rested for a few 
minutes, with the terminal half of its wings still encased in their sheaths, and 
with no movement other than a tremulous motion of the feet. It then turned 
itself around for a few times and moved several steps over the leaf, when it 
took position with its head directed downward, its front pair of legs holding to 
to the leaf and the others detached. Slowly the abdomen was withdrawn from 
its incasement and the colorless wings from their sheaths. Soon the yellow 
stripes of the wings began to appear and insensibly to deepen. As yet there 
was no indication of the black stripes traversing the thorax and wings, or of 
the black of the membraneous wing tips. 

In 25 minutes from the observed commencement of the transformation (at 
1 o’clock as noticed ), the wing tips had fullyexpanded. The time occupied in 
the disengagement from the pupal case was not noted ; it could not have varied 
much from five minutes. Ati h. 15 m., there were indications of the black 
stripes in a duskiness of color. Atih.40m., the lines had deepened toa leaden 
hue and the antennee were dark. At 2 o’clock, all the stripes, the small spot 
towards the wing tip, and the tip, had become blackish, and the bands on the 
legs were showing. When next observed, at 3.0’clock, the stripes were glossy 
jet black, and the mature coloring throughout had been assumed. 

While change of color frequently attends insect moultings, and usually to a 
greater or less degree the larvel moults of the Lepidoptera, it is rare that so 
marked a change as that above noted, ranging from white to black, can be 
observed , and in so brief a time.”’ 
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insect. Nearly ever writer in speaking of the lighter stripes between — 
the prominent black ones describe them as bright lemon yellow in color; 
and no mention is made that they were ever any other color. But, as Dr. 
Fitch pointed out, they are of a bright apple green color in life. Only one 
specimen out of the many hundreds observed this season on the current 
bushes had these stripes yellow in life. Occasionally the stripes retain 
their green color for several months after being placed in cabinets, but 
usually the change takes place in a few weeks, especially if the speci- 
mens are kept in the light. 

The black spots caudad of the outer black stripes on the wing covers 
are often wanting or nearly so. Among 75 specimens collected this 
season, 29 of them, mostly females, lack the spots. Thirteen of the 
specimens, mostly females, showed but little trace of the outer black 
stripes on the thorax; in some specimens both the stripes and spots — 
were wanting. The black bands on the dorsel aspect of the femurs are 
sometimes obsolete, especially on the front legs. 

Dr. Fitch says the females are much more numerous than the males. 
Among the 75 specimens mentioned above, 44 are females, and in the 
field this year there seemed to be nearly as many males as females. 

Habits of the nymphs.— The nymphs confine their attacks to the 
tenderest opening leaves. Their mouth parts are formed into a little 
beak which, when not in use, extends along the venter close to the body, 
reaching nearly to the second pair of legs. In feeding, which occupies 
most of their time, this little beak is placed against the surface of the 
leaf and four thread-like organs working in a groove in the beak are 
forced into the tissues. The green pulp or parenchyma of the leaves 
is literally pumped or sucked through the beak into the body. When 
the beakis once inserted, the sucking is continued until nearly all the 
parenchyma has been taken from a round or angular area bounded by 
the minute veinlets of the leaf and about the size of a common pin’s 
head. This makes a semi-transparent darkish spot on the leaf which 
turns brown in a day or two owing to the death of the outer or epider- 
mal layers of the leaf. The spots are then quite conspicuous from 
either side of the leaf, although the nymphs work mostly from the 
under side. Figure 2 is a reproduction from a photograph of a currant 
leaf and shows fairly well the characteristic appearance of the work of 
the insect. The spots are not as distinct as they occur in nature for 
the difference in coloring between the spots and the rest of the leaf 
could not be brought out by photography. As the nymphs increase in 
size the spots are a little larger and more numerous until not only 
hundreds occur on a single leaf, but often nearly all the parenchyma is 
taken from the leaf. 


/ 
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The nymphs in any stage are surprisingly active. Their con- 
spicuous coloring would seem to render them easily seen. But they 
usually manage to see you first and scamper off to the opposite side 
of the leaf or stem as though they were playing “hide and seek ” 
until you are out of sight. The graphic description of the activity of 
the adults quoted under the next heading is equally applicable to the 
nymphs, except that they can only run and not fly. 

We believe the nymphs will usually be found only on shrubby 
plants like the currant and sage ; a few may stray onto herbaceous 
plants. This seems rather a broad statement. But the discussion of 
the oviposition and hibernation of the pest on another page will 
show that it must follow as a natural consequence. And curiously 
enough, a careful sifting of the recorded facts regarding the insect 
indicate the same thing. For instance, in all accounts of attacks of 
the insect upon plants other than shrubs, there is nothing said about 
nymphs; only the adult is described. Furthermore, where the date 
of the attack is given, it is in every case after the time when the 
change to the adult stage occurs. In fact, the only published descrip- 
tions of the nymphal stages before the fifth or last were taken from 
specimens captured on sage.* 

Habits of the adult.— The adult insects usually begin to appear 
about the second week in June. They are provided with a beak and 
feed in the same manner as do the hymphs. They are more voracious, 
however, and do more damage. As Dr. Fitch has very graphically 
said: “These bugs are extremely shy and constantly on the alert to 
escape notice. When approached they quickly and adroitly slip 
around the edge of the leaf to its opposite side, where they will be 
hid from view. Thus on coming to a mass of shrubbery on which 
there are hundreds of them, their presence will not be suspected, not 
one of them being anywhere visible. But upon bending a stalk aside 
so as to bring the other surface of its leaves into view, here and there 
one of them will be seen, standing quietly on its leaf with a look of 
perfect innocence and as if unconscious of any guile or deceit; yet 
watching its opportunity to do so unobserved, it again expertly dodges 
around to the back side of the leaf. If the hand approaches to seize 
it, it quickly drops itself down among the foliage beneath. Or if 
one hand is held under the leaf, whereby it in dropping falls into it 


oe 


*Miss Murtfeldt speaks of the insect as occurring on clover in the middle 
of May, and says: ‘‘ Its broad flat larva is of a dull, pale green color, varie- 
gated with a few ferruginous marks and shadings. The pupa is very similar, 
with the addition of the wing pads.” These descriptions indicate that it is 
very doubtful if she saw the nymphs of the Four-lined Leaf-bug. 
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and the fingers are closed upon it, ere one is aware, it slips out at some 
opening between them and falls among the leaves or into the grass. 
It is not inclined to take wing except as a last resort. By its long, 
stout hind legs it is adapted for skipping; and its mode of progression 
is quite singular. It walks briskly a few steps and then gives a skip, 
throwing itself two or three inches, and then pauses and looks around, 
apparently to see if anything has noticed and is following it. It then 
walks a few steps further and gives another skip and again stops and 
looks back; being evidently aware that when it is moving it is much 
more liable to be seen by some enemy than when it is standing still.” 
This account is not an exaggeration. 

In this connection a statement crept into the literature in 1871, 
which has remained, and in several cases the only preventive method 
recommended is based upon it. Dr. LeBaron started it by saying: 
“The insects of the genus Capsus are very active, and instantly 
take to flight when alarmed, especially in the heat of the day. The 
only time when they can be captured and destroyed is very early in 
the morning, when they are chilled by the coolness of the night, and 
therefore disinclined to fly.” After a little experience in trying to 
capture a few of the insects at different times during the day, we 
became presumptuous enough to doubt this statement. To test it, a 
cold rainy morning (June 30) was selected when the bugs would be 
torpid, if at any time. We were in the field just as day was break- 
ing, before 5 a. M., and in spite of the fact that the books said the 
bugs should be torpid at this time, they were never livelier! It 
required just as much dexterity to catch one at that time in the morn- 
ing as it had the preceding day at about noon. Some species of the 
Capsidae may be torpid early in the morning, but the Four-lined Leaf- 
bug is certainly an exception on some mornings. 

The adults show a decided tendency to wander about onto dif- 
ferent plants in the neighborhood of the one on which they feed as 
nymphs. Early in June nearly every Canada thistle and burdock 


Fig. 9.— Abdomen of the female, showing the ovipositor; a, ovipositor hidden in groove; c, 
ovipositor exerted; b, blades of ovipositor. 


growing in proximity to the currant bushes in the horticultural garden 
were fairly alive with the adults feeding. Some adults escaped from 
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cages in the insectary and had soon sampled several of the plants in the 
room. To this wandering habit of the adult is due, we believe, most 
of the injury reported to the buds of flowering plants and the foliage 
of its other herbaceous food-plants. As indicated in the discussion of 
the habits of the nymphs, they work only on the shrubs, while all the 
reported attacks on the herbaceous plants are directly traceable to the 
adults only. However, most of the adults must find their way back 
to the shrubs sooner or later in order to fulfil their destiny in the per- 


petuation of the species as we shall see in the discussion of the next 


topics. \ 

Oviposition of the insect.— Nothing has heretofore been recorded 
regarding the oviposition of this pest. No one has seen the eggs 
except as they have been taken from the body of the female. 

From the time the first adults appeared this year, about June 15, 
until they disappeared from the bushes about July 15, frequent obser- 
vations were made to discover if any eggs were laid before fall, and if 
so, when and where. Egg-laying began about a week after the adults 
appeared and most of them had been deposited by July 7. The loca- 
tion of the eggs had been discovered in May when the young hatched, 
so that they were easily found in July. 

Unfortunately none of the bugs were caught in the act of ate 
their eggs. A glance at the ovipositor of the female as shown in figure 


Fig. 10.— Section of currant stem showing eggs in position; e, egg, greatly enlarged. 


9 is, however, very suggestive. When not in use it lies hidden in a 
deep groove of the abdomen as represented at @ in the figure. It can 


be lifted from the groove as at c, and then appears asa thin blade- 
. A 
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like obliquely pointed instrument. Further manipulation with a knife 
or needle will show that which appears to be a single blade is really 
made up of two similar blades (Fig. 9, 5) lying close together. In 
short, the female is provided with a comparatively long thin two-valved 
- blade-like ovipositor capable of cutting quite a slit in the tissues of a 
plant; and that is really what does happen. 

For the eggs are to be found in slits cut lengthwise into the stems of 
the plants, extending through the bark, wood, and nearly half way 


Fig. 11.— Currant stem showing white egg clusters, considerably enlarged. 
through the pith (Fit. 10). The slits vary in length up to one-eighth 
of an inch, depending upon the number of eggs placed therein. The 
usual number is 6 or 8; it varies, however from 2 to 14, The eggs lie 
closely packed together in the slit, as shown in figure 10, with their 
out ends projecting slightly above the bark. 
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The eggs, shown enlarged at ¢c, figure 10, are 1.65 mm. (.065 inch) 
in length, smooth, cylindrical, slightly curved or flash-shaped, and of a 
light yellow color with the upper third capped by a white finely 
‘straited portion; the lower end is rounded and the upper irregularly : 
flattened. - A 
e With the growth of the surrounding tissue of the stem, the eggs 
are usually forced out of the slit somewhat, so that about one half 
or even more of the white portion of the egg projects from the slit as 
shown much enlarged in figure 12. Later in the season, especially 
noticeable in the spring, the eggs assume a reddish color doubtless due » 
to the growth of the embryo within. 
The eggs are laid only in the soft tender growth made the same 
season, and almost invariably in the stem. One or two slits containing 


Fie. 12.— Portion of currant stem showing three white egg clusters, much enlarged. 


4 eggs have been found in the petiole of a leaf near its base. Eggs are F 
also rarely found six inches from the tip of the shoot. A majority of fo: 
them are within two or three inches (Fig. 13). In one instance seventy- 
five eggs were found within three inches from the tip; and sixty-four 
é have been found in one shoot within one and one-quarter inches from 
mau the fip.* 


* The number of eggs laid by a single female has not been ascertained. Dr. 
LeBaron records finding from-15 to 24 eggs in the abdomens of females 
examined. When the egg-laying season was at its heigth, July 7 this year, 
from 15 to 33 fully formed eggs we found in the females examined. 
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These egg scars with the white tips of the eggs projecting from them 
are quite easily seen, and occurring in such a limited portion of the 
plant have suggested a method of combatting the pest. 

Figures 11, 12 and 13 are from photographs of currant stems. In 
figure 11 several egg clusters are shown considerably enlarged; and in 
figure 12 are shown three clusters still more enlarged. Figure 13 
shows a currant tip natural size and well illustrates the size and posi- 
tion of the whitish eggs in the scars near the center of the stem. The 
eggs are similarly placed in the stems of gooseberry, flowering currant, 
- and doubtless in its other shrubby food-plants. Eggs were also found 
in considerable numbers in the stems of wild currant in the field last 
May. Thus far eggs have been found only in shrubs or woody plants, 

further indicating, in connection with the fact that these are the only 
plants on which the nymphs have been recorded, that shrubs are their’ 
permanent food-plants. 

Number of broods.— Dr. Fitch says: “These bugs which we meet 
with grown to maturity and paired in the middle of June, lay a crop 
of eggs from which another generation completes its growth before the 
end of the season. Thus there are two generations annually.” He 
mentions no observations in support of this statement. 

Frequent observations were made in 1892 after the adults disappeared 
in July, but no indications of the insect were seen until the nymphs. 
appeared this spring. ‘This year, as we have seen, eggs were laid as 
early as June 25, and these still remain unhatched. Again there 
are no records of the adults being seen later than July. These facts 
show that in New York State at least, the insect is single-brooded. 
Two broods may occur farther south. 

Hibernation.— In-regard to this phase of the life history of the 
Four-lined Leaf-bug, all has heretofore been guess work. Dr. Fitch, 
after admitting that he had not met the insect in its winter quarters, 
says: ‘It is evidently in its perfect state, that it passes this period of 
the year, secreted probably among fallen leaves, or under pieces of 
boards lying on the ground, in crevices, and other situations where it 
will remain dry. Coming forth upon the opening of spring, it no 
doubt lays its eggs upon the young stalks of the dahlia and other 
vegetation on which the immature bugs afterward appear.” Our 
observations on the oviposition and number of broods just recorded 
show that this is entirely erroneous. No adults have been seen after 
July, eggs laid in June now remain unhatched, and nymphs were seen 
hatching from eggs in May. It is thus obvious that the winter is 

passed in the egg and not as an adult; the insect thus passes nine 
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% 


Tue Four-tinep Lear-Bue. | 241 


months of the year in the egg. This fact renders two of the principal 
preventive methods that have been recommended practically useless. 

Not knowing the manner of hibernation of the insect, its food- 
plants assume a new interest. A study of the list will show that 
three-fourths of the plants are herbaceous or die down in the fall, thus 
offering no shelter for the eggs during the winter. In fact, in only 
sixteen plants out of the fifty-four species could the eggs pass the win- 
ter, these being the shrubs.* Thus only these plants could become the 
permanent food-plants of the pest. The facts brought out in the dis- 
cussion of the habits of the nymphs also substantiate this. The wild 
currants were doubtless among its original food-plants. 

Summary of the life-history of the pest.— Briefly stated, our obser- 
vations upon the life-history of the Four-lined Leaf-bug show that the 
nymphs appear in the latter part of May upon shrubby plants where 
they continue to feed upon the tender leaves for two or three weeks, 
undergoing five moults. The adults appear early in June and often 
spread to different surrounding succulent plants. Egg laying begins 
in the latter part of June, the eggs being laid in slits cut in the stems 
of shrubs near the tips of the new growth. The adults disappear in 
July and the insect hibernates in the egg. Only one brood occurs 
each year in our State. 


Metuops oF PREVENTING THE Ravaaes or Tuts Psst. 


The Four-lined Leaf-bug is not an easy pest to control. The new 
light thrown on the habits and life-history of the pest by our observa- 
tions during the past two years shows that several of the preventive 
methods heretofore recommended are practically useless. More caution 
should be used in recommending remedies or preventives when so lit- 
tle is known of the life-history of the insect. With our present 
knowledge of the pest the preventive methods to be employed to com- 
bat it resolve themselves into two groups — insecticides and mechanical 
means. 

By the use of insecticides.— The food of this pest consists only of 
the juices of the leaves or buds of the plants upon which it feeds. It 
is not provided with biting jaws for masticating its food as are many 
other insects like the potato beetle, grasshoppers and caterpillars. 
But, as we have seen, its mouth parts are formed into a beak through 


* These are the shrubby althea, burning bush, Japanese maple, sumach, rose, 
currants, wild currant, gooseberry, deutzia, hydrangea, syringa, Hercules’ 
club, weigela, bittersweet and sage; all being ornamental plants {except the 
currants, gooseberry and sage. 
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which it sucks its food, as does the Pear Psylla, the Squash-bug, Plant- 
lice and all the other true bugs. As Dr. Lintner has said: “It is evi- 
dent, therefore, that these insects, living as they do upon the sap of 
plants, may not be destroyed by means of poisons applied to the sur- 
face of the leaves. The delicately pointed sucker would penetrate the 
poison even when thickly coating the leaf, without imbibing any por- 
tion of it.” Thus the application of Paris green, London purple or 
any other poisonous subject would prove of no avail against the Four- 
lined Leaf-bug. 

Some have thought that applications of dust, lime, ashes, soot, soap- 
suds, tobacco water, carbolic acid washes, etc., might be effectual. 
Dr. Lintner says, however, that they have on trial been found 
ineffectual. Walsh and Riley thought that “the plant might be pro- 
tected against their attacks by a proper use of cresylic acid soap.” 
Experiments have been reported in which a strong solution of this soap 
was used upon a closely allied insect, the Tarnished Leaf-bug (Lygus 
pratensis); it was entirely ineffectual and would doubtless prove use- 
less against the Four-lined Leaf-bug. 

The only insecticide with which we have experimented against 
this pest is kerosene emulsion, the cheapest and most effectual 
insecticide yet found for sucking insects.* In June, 1892, an 
adult was sprayed with the emulsion diluted with twenty-five 
parts of water. The insect dexterously wiped off with its hind leg 
a large drop which had accumulated on its back and went its way 
uninjured. Several adults were then sprayed, care being taken to wet 
them all over, with the emulsion diluted but five times; ‘some of them 
seemed “sea sick” for a few minutes but in an hour all were as lively 
as ever. Adults sprayed with the emulsion diluted with three parts of 
water were nearly all dead the next morning. Undiluted kerosene 
killed them in a minute or two. 


*To make the emulsion thoroughly dissolve one-half pound hard or soft 
soap in one gallon of boiling water. While this solution is still very hot add 
two gallons of kerosene and quickly begin to agitate the whole mass through 
a syringe or force pump, drawing the liquid into the pump and forcing it 
back into the dish. Continue this for five minutes or until the whole mass 
assumes a creamy color and consistency which will adhere to the sides of the 
vessel and not glide off like oil. It may now be readily diluted with cold 
rain water, or the whole mass may be allowed to cool when it has a semi- 
solid. form, not unlike loppered milk. This standard emulsion if covered 
and placed in a cool, dark place will keep for a long time. In making a 
dilution from this cold emulsion it is necessary to dissolve the amount required 
in three or four parts of boiling water, after which cold rain waterSmay be 
added in the required quantities. 
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This year the emulsion was tried on the nymphs when about one- 
half grown. When the emulsion was diluted with ten parts of water 
it had but little effect. But when only five parts of water were used, 
and the spraying was thorough, the nymphs died in a minute or two. 

Prof. Cook reports as follows in regard to the use of kerosene 
emulsion against the pest in Michigan in 1891: “ We sprayed these 
striped currant bugs on the bushes and in the laboratory with kerosene 
emulsion made with both hard and soft soap and with pyrethro- 
kerosene emulsion.* There were almost too few bugs on the currant 
bushes to make the experiments satisfactory, but in the field and in the 
laboratory both applications killed the insects, and the bushes in the 
garden were freed of the blighting bugs.” 

We have tried no experiments in the field with the emulsion. Our 
experiments in the insectary as recorded above indicated that the emul- 
sion must be thoroughly applied and must contain at least nine per 
cent of kerosene (that is, the Riley-Hubbard emulsion diluted with six 
or seven parts of water) to be effectual against the nymphs, and con- 
siderably stronger, diluted not more than five times, to affect the adults. 

Prof. Cook’s experiments both in the field and the laboratory are, 
however, quite conclusive and indicate that the emulsion affords a 
practicable method of combating the pest. As Prof. Cook does 
not mention the early stages of the insect, it is probable his experi- 
ments were made on the adults. , 

The best and most effectual time to apply the emulsion will be 
before the insect has reached the adult stage, that is, while they are 
still nymphs. As the adults begin to appear the first week in June, 
the spraying should be done the last week in May or as soon as the 
bright vermilion red nymphs are seen on the bushes. With the insect 
thus destroyed in its nymphal stage, the buds of dahlia, rose, and the 
_ leaves of other herbaceous plants would not suffer from the attacks of 
the pest if, as the records indicate, the adults alone are responsible for 
this injury. The insect in all of its stages is so very active that the 
spraying must be very thorough to be effectual. 


* Professor Cook’s emulsions contain one quart of soft or one pound of hard 
soap dissolved in two quarts of hot water and one pint of kerosene added. 
This is diluted with an equal amount of water when it is ready for use. This 
gives nearly seven per cent of kerosene in the dilution as applied ; or about the 
same amount of kerosene that the Riley-Hubbard emulsion has when diluted 
with nine parts of water. ‘The excess of soap in Cook’s emulsions may increase 
their insecticidal value as used against the Four-lined Leaf-bug. In the 
pyrethro-kerosene emulsion one gallon of kerosene is filtered through two 
pounds and a half of pyrethrum powder, and the filtrate is used in the same 
manner as kerosene in making the emulsion, 
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We believe that the evidence in favor of the effectiveness of kerosene 
emulsion is sufficient to recommend it as a practicable method of com- 
bating the pest, especially where large areas of an acre or more are 
attacked. In brief, then, for large areas where some of the mechani- 
cal means to be discussed would seem too costly, we would recommend 
the application of kerosene emulsion (Riley-Hubbard formula) diluted 
with not more than five parts of water to the shrubs, where the nymphs 
will be found at work, not later than the last week in May. One 
thorough application at this time, till it drips from the bushes, will not 
injure the foliage or fruit and will, we believe, destroy a majority of 
the nymphs, and thus protect the herbaceous plants from the attacks of 
the adults. Do not wait until the adults appear before beginning to 
spray; watch the shrubs for the nymphs. 

By mechanical means.—Several methods have been suggested for 
controlling this pest by mechanical means. These will now be dis- 
cussed in detail under their respective headings, disposing first of two 
that our observations have shown to be useless. 

1. Burning of garden rubbish.— This was the best method for 
arresting the depredations of this pest that Dr. Lintner was prepared 
to offer in 1882. He expected to destroy the adults in this 
manner. There is no doubt that garden rubbish does harbor many 
noxious insects and should, therefore, be burned But, as the 
discussion of the life history of the pest has shown, the adult insect 
occurs in the rubbish only as an already decaying corpse, if at all; for 
they arrange for the perpetuation of the species by laying their eggs 
and disappearing before August. The winter is passed in the egg 
securely placed near the tip of the bush. Thus the burning of the rub- 
- bish would not in the least affect the numbers of the pest the next year. 

2. Destroying the females in the spring before ovisposition.— Writ- 
ing under the supposition that the insect hibernated in the adult state, 
Dr. Lintner says: “As soon as the leaves of the currants, roses and 
other early shrubs commence to unfold in the spring —in all gardens 
where this insect abounded the previous year, watch should be kept for 
its first coming abroad from its winter quarters. Nearly all the indi- 
viduals will be females, with their abdomen swollen with their burden 
eggs ready to be deposited. Tney will be found sluggish in their 
movements, and their conspicuous coloring and marking render them 
easy to be seen. As an incentive to watchfulness now, it need only to 
be borne in mind, that for every one captured and killed before ovipo-— 
sition, there will be at least a score less of indefatigable depredators 
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upon the choicest products of the garden throughout the early summer 
months, and hundreds less of the augmented later brood.” 

It is only necessary to again recall the fact that this pest passes the 
winter in the egg and not as an adult, to see how fruitless would be the 
watch for the gravid females in the spring. 

The two proposed methods of combating this pest just discussed are 
striking instances of the necessity for more knowledge of the life-his- 
tories of some of our insect pests if our farmers and fruit growers are 
to be taught to intelligently and successfully fight these little foes, 

3. Pruning of the bushes to destroy the eggs.— Our discovery of the 
eggs of this pest in slits in the stems of the shrubs they infest, suggested 
a new method of combating the pest. All of the eggs are laid before 
August 1, within four or five inches from the tips of the new growth, 
and there remain unhatched until the following May. Figure 13 shows 
a currant tip, natural size, with several white egg clusters plainly visible 


Fig. 13.— Tip of new shoot of currant, showing several white egg clusters in the stem near 
its center, natural size. 

near the center of the stem. The eggs are doubtless too well protected 
to be affected by any insecticide which might be applied, but why not 
cut back the tips of the new shoots for six inches and burn them ? 

On bushes which have been infested this year, these egg scars can 
soon be found, as the whitish tips of the eggs are quite conspicuous. 
After a few have been found and their characteristics noted, it will take 


246 AgerioutturaL Experiment Station, Irmaoa, N. Y. 


but a few minutes to look over a bush and clip off the tips of the shoots 
containing the eggs. Burn these tips (the eggs would doubtless hatch 
in the spring were they left on the ground) and the pest will be effectu- - 
ally checked. Even if the tips of all of the new growth be clipped, the 
the bush would not suffer more seriously than it would from the pest 
if present in considerable numbers. On small areas, or with choice 
plants spend a little more time and cut only those tips containing eggs. - 
The eggs remain in these tips nine months, thus making it practicable 
to do the pruning during the winter months when other work is not so — 
pressing. The leaves will then also be off and the egg scars can be 
more easily seen. If currants, gooseberries, or other shrubs have been 
attacked by this pest, anyone can, by examining the tips of this year’s 
growth for the eggs, at once determine whether to expect it next year 
or not. 2 

This method of combating the pest is, of course, only applicable to 
the shrubs, as the eggs will not be found in herbaceous plants. But we 
believe that this pruning and burning of the tips of the new shoots of 
currants, gooseberries, and other shrubs attacked by the insect will 
prove one of the most practicable, and certainly very efficient, method 
of preventing the ravages of this Four-lined Leaf-bug. 

4, The “ jarring” method for destroying the nymphs or adults. On 
small areas, where choice bushes are attacked, or when the pest appears 
on ornamental herbaceous plants, the safest, most practicable and efli- 
cient way to combat it will be by this method. This can best be done 
by jarring or knocking the insects into a pan or dish of some kind 
partially filled with water and kerosene. The bug in all of its stages 
drops quickly when the bush is jarred. This may seem a rather primi- 
tive method but many an acre of potatoes used to be and many garden 
patches now are saved in this way from the greediness of the Potato 
Beetle. It will be easier to catch the nymphs of the Four-lined Leaf- 
bug than the adults in this way, as the latter are more timid, drop 
quicker, and are apt to fly. Therefore, as many of the nymphs as pos- 
sible should be destroyed in May and early June. 

Nearly all writers on this pest have advised this jarring method for 
preventing ravages, but always with the proviso that it be done in the 
cool of early morning while the bugs are comparatively inactive or 
torpid. Our experience on this point has been given in detail in the 
discussion of the habits of the insect. A single excursion into the field 
on a cool June morning convinced us that it is not necessary for one to 
lie awake nights that they may be on hand early enough in the morn- 
ing to catch this bug asleep. We have seen practically very little dif- 
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ference in the activity of the bugs at different times during the day, 
either rain or shine. So that the jarring will be equally as effectual at 
whatever time of day applied. Catch the nymphs in May if possible 
and thus preserve the plants, especially the herbaceous ones, from the 
serious ravages of the adults. 

Summary of the preventive methods to be used against this pest.— 
The arsenites and other poisonous insecticides will have no effect on 
the bugs, as they feed solely upon the interior juices of the plant. The 
only other insecticide that promises good results is kerosene emulsion 
diluted with five parts of water and applied on the nymphs as soon as 
they appear in May. It will, perhaps, not be so effective on the adults. 
On large areas we believe it will prove a practicable means of fighting 
the pest while in the nymphal stages. 

The burning of the garden rubbish in the fall will not affect the pest 
in the least, nor will there be any gravid females to watch for and 
destroy in the spring, as the pest winters in the egg securely placed 
near the tips of the new growth of shrubs, as shown in figure 13. 

The pruning and burning of these tips in which all of the eggs are 
laid, will prove a practicable and very efficient means of fighting the 
pest. ‘The pruning can be done at any time between mack 1st and the 
first of May following. 

Probably the best method for general practice, Geaciane against the 
adults on herbaceous plants, will be to capture the bugs by jarring 
them into a dish partly filled with kerosene and water. On currants, 
goosberries, sage and other shrubs one should not wait until the adults 


- appear but capture the nymphs in May. 


Thus, there are three practicable methods by which this pest can be 
controlled: kerosene emulsion for the nymphs; destruction of the egg 
by pruning; and the capture of the nymphs and adults by jarring into 
receptacles where they are destroyed. Circumstances will largely 
determine which method will prove the most practicable in specific 
cases, 
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Does Mulching Retard the Maturity of Fruits? 


It is a general opinion that a mulch or heavy cover placed upon the 
soil about plants when it is frozen will retard flowering and the matur- 
ing of fruit; yet the practice appears to be often unsatisfactory, and 
there are reasons for supposing that the philosophy of the subject is 
not commonly understood. The subject is one of increasing import-_ 
ance, for every effort must be made to reach the market when there 
is least competition from other sources, and, in New York, at least, 
this competition comes chiefly from early products, produced in States 
to the southward. It is also essential that every means be used to 5 
escape the late spring frosts which kill the flowers. Careful experi- 
ments upon the effects of mulches were made at this Station this year, 
to the rehearsal of which I also append some general considerations 
and the opinions of various fruit-growers who have had explicit 
experience with the practice. 

The last winter was severe at Ithaca. The ground froze deep in 
December, and the frost did not leave it until the middle of March. 
Upon the 28th of February, 1893, the snow being well settled and a 
foot and more deep in the open fields, heavy mulches, of coarse manure 
and litter from horse-stables, were placed about apples, almonds, buf- 
faloberries, blackberries, raspberries, currants, gooseberries, grapes, 
juneberries, peaches and quinces; and strawberries were mulched later. 
Observations were also made upon roses which were mulched in the 
fall for winter protection. 

The apples and other tree-fruits comprised trees which were set in 
the spring of 1889. Half of a large wagon-load of mulch was placed 
about each tree, covering the snow deep for a distance of three feet 
or more in all directions. The small fruits were mulched heavily to 
the middle of the rows, or three and a half to four feet in each direc- 
tion. A heavy wagon-load of mulch was sufficient to cover about 
ten feet of row. On the 29th of March, these mulches were examined, 

‘and, although the frost had left the fields fully ten days before, 
the earth under the cover was still solidly frozen and from six to 
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eight inches of snow persisted. Here, then, was an excellent oppor- 
tunity to study the effects of a cold soil upon the vegetation of plants. 
On the 13th of April there was still frost and snow under the goose- 
berry mulches, and yet both mulched and unmulched plants seemed 
to be starting alike. It was apparent that the temperature of the soil 
exerted no influence upon the swelling of the buds, for the buds 
which projected above the mulch were as forward as those upon 
untreated plants, while the buds immediately under the mulch, upon 
the same twig, were wholly dormant. The illustration shows two 
gooseberry twigs arising from a common branch, in which these dif- 
ferences are apparent. The twig upon the right was under the mulch 
and is completely dormant. That upon the left was covered up to 
the point indicated by the string. The protruding portion is seen to 
have pushed its buds forward, save at the very tip, where the shoot 
was winter-killed. Shoots of which the tips were caught under the 
mulch, showed perfectly dormant buds at both ends, while the pro- 
truding middle portion was as forward as twigs upon unmulched 
plants. Moreover, the protruding portions of the mulched plants 
maintained their forwardness, and produced leaves, flowers and fruit 
at the same time as the contiguous plants which were not treated. 
Crandall currants, juneberries, roses, grapes, and all the tree fruits, 
behaved similarly throughout the season. The mulched blackberries, 
raspberries and Victoria currants seemed to be a day or two behind 
the others in starting, but they very soon caught up, and there was no 
difference in season of bloom and maturity of fruit. 

With the strawberries the case was far different. General Put- 
nam and Oregon Everbearing were mulched March 25th, when the 
ground was “completely thawed out. The mulch covered the 
plants and the entire space between the rows to the depth 
of three inches. On the 15th of May, this mulch was 
removed. At this time, the unmulched plants were in full 
leaf and were nearly ready to bloom. The plants under the 
mulch were just starting into leaf and the growth was weak and 
bleached. The plants were endeavoring to push themselves through 
the cover to the light and air. The mulch was forked off the 
plants, and they gradually assumed a normal color and habit, and 
bloomed June Ist. The bloom was delayed from ten days to two 
weeks, according to the depth of the covering. The plants did not 
seem to recover entirely, however, and the fruitage was somewhat 
lighter than on the normal plants; but it was delayed about a 
week. 
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The Effect of Mulch upon Twigs of Gooseberry. 
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All this is what the botanist would have expected. It is well known 
that plants store up starchy matters in their bulbs or branches to be 
used in the growth of the adjacent parts in early spring. The earliest 
bloom of spring is supported by this store of nutriment, rather than by 
food freshly appropriated from the soil. This is well illustrated by 
placing well matured twigs of apple or willow in vases of water in 
winter, when the buds will burst and flowers will often appear. It was 
admirably enforced by a simple experiment which we made last winter 
in connection with this inquiry, and which is illustrated in the engrav- 
ing upon the cover. On the fifteenth of February, a branch of a nec- 
tarine tree which stood alongside the horticultural laboratory was 
drawn into the office through a window. This office was maintained at 
the temperature of a living room. On the 6th of April the buds 
began to swell, and the young leaves had reached a length of three- 
fourths inch a week later. The leaves finally attained their full size 
upon this branch, before the buds upon the remaining portion of the 
plant had begun to swell. This condition is shown in the illustration. 
This experiment is by no means a novel one, for essentially the same 
thing has heretofore been accomplished with the vine and other plants; 
but it must impress upon the reader the fact that much of the bursting 
vegetation of springtime is supported by a local store of nutriment, 
and is more or less independent of root action. 

These various experiments and observations show that a mulch 
can retard flowers and fruit only when it covers the top of the 
plant as well as the soil. If the ground could be kept frozen for 
a sufficiently long period after vegetation begins, the plant would 
consume its supply of stored food and might then be checked from 
inactivity of the root, but this would evidently be at the expense of 
injury to the plant; but, in practice, it is fortunately impossible to hold 
the frost in the soil so long. It is evident, too, that the covering of 
strawberries and other low plants for the purpose of retarding fruit, 
must be practiced with caution, for a mulch of sufficient depth to 
measurably delay vegetation is apt to bleach and injure the young 
growth, and to lessen the crop. Yet it can sometimes be used to good 
effect, and fruiting can be delayed a week, perhaps even more. Ihave 
obtained the experience of various horticulturists in mulching straw- 
berries to retard bloom and fruit. 


C. EB. Chapman, Peruville, Tompkins county, N. Y., finds mulching 
profitable in retarding strawberries. . 

Because of late spring frosts and the glut of fruit from near Cayuga 

lake, which is ten days earlier, 1 was compelled to grow late fruit or 
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quit. The first venture, ten years ago, was to spread a thick mulch of 
wheat straw over the strawberries during winter, but as there was some 
timothy in it, next crop was badly damaged by the growing of grass 
and weeds. Next I used coarse horse manure and that completely 
ruined them as the horses had been fed hay and the seed all grew. 
Next I went into the swamps and eut the long, coarse, wide-bladed 
grass. There is nothing in it that will seed and grow on dry land. 


Coarse corn-stalks are best of anything I have used, but I can not get 


enough of them. I have used the swamp grass for five years, and cut 
this year about five tons. I spread it on after the ground is frozen 


hard in early fall. It is thick enough to completely cover the plants 


from sight and cover the entire surface of the bed. In spring, the 
plants come up through the mulching unaided, and the mulch is not 
disturbed or removed until after harvest, excepting in such places as 
prove too thick for the plants to break through. Such places are 
stirred a little with a fork, or rather loosened without displacing the 
mulch, I find spots which have become uncovered during winter, thaw 
out and the plants begin growing about ten days quicker than those 
covered. This time varies with the season. <A steady, early, warm 
spell with warm rain, will thaw the soil under the mulch quickly, while 
cool, cloudy weather will thaw only exposed portions. After plants 
have begun to grow a few days under the mulch, they must come to 
the light or become white. I have kept plants back two weeks under 
the mulch and when uncovered they were white but had full grown 
leaves. Such plants do not blossom after turning green and are worth- 
less. I should think from six to ten days is the limit of successful 
retarding of bloom by my plan. Some of this difference in time dis- 
appears by the time the fruit ripens, as the plants seem to make an 
effort to be in season; but the heavier pickings come several days later. 

I have saved three crops from frost by having three days’ delay in 
blossoming, and get, always, better prices as my first fruit comes in just 
behind Ithaca berries. The unmulched po:tions have fewer and larger 
berries but not so many quarts per acre as the mulched, and the latter 
stand drough better. Usually our last picking for market is July 4th. 
This season first sales were made June 24th and the last July 5th. 

{ use all the mulching I can get on all kinds of berries to save labor 
in keeping down weeds and conserving moisture, but as their tops are 
above the mulch I do not think that they are retarding much. 


C. E. CHapmMan, 


\ 


/ 


256 AgcricuttuRAL Exprerment Station, Iraaoa, N. Y. 


J. H. Hale, South Glastonbury, Conn., is able to prolong the season by 
mulching. : 


I have never made any careful experiments, as to heavy mulching to 
retard strawberries, but, in growing and mulching many acres in years 
past, we have occasionally put on an almost excessive amount and left 
it on until late in the season, allowing the plants to work their way 
through, uncovering from time to time the spots where plants were 
unable to force through the mulch, and, in every instance, this has 
resulted in retarding the bloom from ten days to three weeks and the 
fruit from five to ten days. I think it is safe to assume that, by 


leaving on a heavy mulch of light material just as long as may be, in ~ 


the spring, without entirely killing the plants, the strawberries may be 
retarded, on the average, fully a week, in their time of ripening, and, 
in many instances, two weeks or more. 

In this way the season of any one variety may be considerably 
extended, and, as old plants will produce earlier fruit than young ones, 
having an old bed to give the earliest fruit and a young bed, heavily 
mulched, to give the latest fruit, would cause one variety to extend 
over fully four weeks in picking. Adopting the same practice with 
the earliest and latest varieties, the strawberry season on almost any 
farm could be made to cover a period of about seven or eight weeks; 
in fact, we always have about seven weeks of strawberry fruiting here. 


J «i, Fie 


John Little, Granton, Ontario, retarded his fruit a week. 


I had a very satisfactory experience this season, along the east 
side of a willow fence running north and south. There were 
varieties early and medium: Haverland, Wilson, and Saunders. 
These were covered with a sheet of leaves which remained on them till 
the warm days caused the leaves to make their way through them. 
Michael Early, Bederwood, Crescent and all other varieties were many 
days ahead of these varieties named. 

The early varieties gave some pickings the 4th of June. The 
three varieties covered with’ the leaves gave no berries till the 
22d. All the other varieties finished giving any berries to speak of 
the first of July, while those varieties covered with the leaves produced 
berries till the 12th of July, and a scattering few of Haverland and 


Saunders for several days afterwards. 
Joun Litt ez. 
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W. W. Hilborn, Leamington, Ontario, retards his crop from three 


days to a week, 

I have had about eighteen years’ experience in mulching strawberries 
and I find that it does retard them a few days. I mulch several acres 
every year and would not grow them without. I put on the covering 
in the fall as soon as the ground freezes about two inches deep, and 
place most of the covering (which is usually wheat or rye straw) 
between the rows of plants, putting just enough over the plants to 
nearly cover them from sight. 

In early spring, as soon as growth begins, I rake the straw from the 
plants and leave it between the rows. If the straw is left on the plants 
for a time after they begin to grow, it causes a soft, weakly growth of 
plant that will not produce fruit. 

I do not believe they can be retarded more than three days to a week, 
according to the weather. If they remain covered with snow, as they 
do in some sections, until near the time growth begins, the covering 
will retard growth longer. I consider it unsafe to try to retard growth 
by leaving the covering on immediately over the plants after growth 


begins. 
W. W. Hiveorn. 


James Edgerton, Barnesville, O., learned too much. 

I have had experience to my sorrow. I always comme::ced picking 
strawberries in advance of my neighbors till the past season when I 
came in about three days behind, and know of no cause but that my 
boys insisted on putting on straw to an extra depth last fall so that 
they could burn the bed over after harvest. A five days’ delay in get- 
ting our fruit into Chicago makes a sad difference in our receipts, as 
Michigan comes on quickly and drives us out. 

JamMES EpGERTON. 


T. B. Terry, Hudson, O., delays his strawberries a week. 


I have retarded blooming-time of strawberries several times about a 
week, by very heavy mulching in winter when ground was frozen 
hard. The ground must be deeply frozen and mulch enough to keep 
it so some days longer than usual. I mulch my seed-potato pit when 
deeply frozen to keep in frost and delay sprouting, in same way. 

I think I have retarded bloom as much as ten days on strawberries, 
but they hurry up a little after they get started, so that about a week 
is all the gain we ever get in the way of lengthening the season. I 
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have tried it on raspberries, grapes, etc., and it does not work at all. 
It did not delay them a particle, the vines being out in the sun and 


warm air. 
T. B. Terry. 


Matthew Crawford, Cuyahoga Falls, O,, discourages the practice. 


I have had some experience in mulching strawberries to retard their 
blooming and ripening, but am not well pleased’ with the results. My 
impression is that, although growth may be retarded somewhat early 
in the season, it nearly makes up for lost time before the fruit ripens. 
If the mulch is left on until after growth starts, and is then removed 
from over the plants, the blanched growth is easily destroyed by a 
light freeze. 

If the mulch is left between the plants until they are in bloom, a frost 
is far more destructive than it is when the ground is bare. From all 
that I have seen, I have but little faith in mulching to retard the ripen- 
ing of the strawberry. 

M. CRAWwFoRD. 


K. M. Kellogg, Ionia, Mich., delays his berries two weeks. 


I have practiced mulching for the purpose of retarding the ripening 
of strawberries for several years with gratifying results. My plan is 
as follows: Select a north incline so as to avoid the direct rays of the 
sun ; choose the latest variety and delay the mulching until midwinter 
when the ground is frozen as deeply as possible. Then between the 
rows put a heavy coat of coarse manure, treading it down as compactly 
as possible. Care must be taken not to let the manure lie directly on 
the plants as it will greatly injure or kill them. Immediately on the 
plants put a coating of chaff, not thick enough to cover the crowns 
deeply, finishing with a coat of clean straw which may be put on six or 
eight inches thick, without injuring the plants. This is permitted to 
remain until fruit of other plants is almost full grown. Growth will 
sometimes start and foliage be bleached considerably but no injury 
will result until blossoms are well developed, when enough straw is 
raked off to see the plants, so they can push up through it. I have 
often found the ground frozen quite hard after other plants were in 
full bloom. 

I have not only raised some of my largest crops in this way, but the 
latest pickings were more than two weeks after berries of the same 


yariety not so treated were all gone. 
R. M. Ketxoae. 


a 
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George J. Kellogg, Janesville, Wis., delays the bloom a week, but it is 
sometimes caught by late frosts. 

I have for years left the mulching on to keep strawberries back in 
the spring. Carefully handled, it will keep back the bloom about a 
week. Last spring we left a heavy mulch of manure on one end of six 
rows, probably twenty rods long. The plants were so completely covered 
that we lost three-fourths of the crop where mulched. We thought 
the plants would push through, but we lost the fruit although the 
plants lived. The mulch will hold the frost about a week, usually. 
Sometimes we have found the retarding a detriment. The May frost 
that does the damage, usually the last week in May (at Janesville, 
Wis.), is preceded by two weeks of fine weather without frost, so that 
where the mulch has been removed the fruit may have fully set and 
passed that point where fruit injures, although nearly all varieties con- 
tinue in bloom three weeks. 

I have repeatedly tried mulching apple trees after the ground has 
frozen 12 to 24 inches deep, but it does not retard the buds or bloom 
more than a day or two—there is sufficient sap in .the tree above 
ground to supply the buds and blossoms until the retarded sap from 
the frozen roots is able to aid the circulation. 

GrorcEe J. Keiioea. 


FF W. Loudon, Janesville, Wis., finds that muleh delays berries a week. 


Our practice here is to mulch strawberries liberally with straw or 
marsh hay, for winter protection, asin this region we can not rely upon 
the snow. In the spring, about the time the plants begin to grow, 
usually the first week in April, we draw the mulch away from over the 
plants, just enough to admit the light. By this method, our straw- 
berries are usually a week later than our neighbors’ in ripening. I 
allude to those who take their mulch completely off and haul it away. 
When they are first in the market, our berries are very much larger 
and finer. Also we escape the ill effects of the severe drouths that are 


apt to occur during the fruiting season. 
F. W. Lovpon. 


B. F. Adams, Madison, Wis., delays blossoming a week and thereby 
escapes frosts. 


Mulching strawberries retards blossoming fully one week on an aver- 
age through a series of years in this climate. My experience covers a 
period of thirty years in growing this fruit for market. Our danger 
here comes from late frosts in May, and my practice is to keep this 
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fruit well mulched as late as the season will permit. For years the 
south has furnished us early berries, some seasons by first of February, 
and I make no attempt to supply early fruit for this market. The 
retarding is not quite so marked by heavy mulching other small fruits, 
but it makes a difference of a few days, say three or four days, in the 
ripening of raspberries and blackberries. There is still less effect in 
mulching orchards, but some retarding is perceptible. This heayy 
mulching of strawberries, which is absolutely essential in this severe 
climate, consists of marsh hay put on so as to hide the plants com- 
pletely. In a warm spell, which sometimes comes in April or early in 
May, it must be stirred or the plants will suffer. Such a spell of 
weather here is sure to be followed by intense cold, and removal of the 


mulching would seriously damage the plants. 
B. F. Apams. 


J. S. Stickney, Wauwatosa, Wis., does not approve of it. 


I have tried mulching to retard growth of strawberries, but not with 
satisfactory results. The trouble is that the foilage insists upon grow- 
ing under the mulch, and suffers seriously when the mulch is removed, 
so that the very slight gain in time is more than balanced by loss of 
vigor. My neighbor, Mr. William von Baumbach, the most success- 
ful grower I ever knew, removes his winter covering and cultivates 
thoroughly, not deep, then mulches heavily between the rows, but 


makes no effort to hold back the time of starting. 
J. S. Stickney. 


I, N. Stone, Sioux City, Iowa, favoring mulching to delay fruit. 


I have noticed in different seasons a variation of from five to eight 
days’ later bloom and ripening of frait where the strawberry bed is 
mulched as heavily as it is safe to mulch and avoid smothering the 
plants, that when little or no mulching is used, or when the mulch is 
all taken off early in the spring and replaced just before ripening. 
Still there have been years when there was not much difference in the 
opening of the ripening season on account of a late frost destroying all 
of the first blossoms of both the mulched and unmulched areas. The 
bloom on the mulched plants would not be as far advanced as on the 
unmulched, but it would be affected more by the frost on account of 
the mulch preventing the radiation of heat from the loose soil. So 
if a frost hard enough to kill the bloom should come at a time 
when both the mulched and the unmulched are in bloom, there would 
be but little if any difference in the time of first ripening of fruit, 
but the mulched would hold out a few days later than those 
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not mulched. If it is desired to retard the bloom and fruit as 
much as possible, a light mulch should be put over the plants at 
the usual time of covering in the fall, and after the ground is frozen 
deep enough so that there will be no danger of smothering the 
plants, add enough more to cover the whole surface of the bed three 
or four inches deep, using light material; do not use coarse manure, 
except to scatter a little over the light mulching to keep the wind from 
blowing the mulch from the plants. As soon as warm weather comes, 
the plants will need close attention and more especially if there is 
much rainy weather. The mulching should be kept over the plants, 
but must be stirred up often, and later it will be necessary to work 
some of the mulch off the plants into the vacant places between the 
rows, leaving as much over the plants as they will grow through with- 
out turning white. Do not take the mulch off the bed until the crop is 
harvested. 
I. N. Sronz. 


Benjamin Buckman, Farmingdale, central Iinois, finds from two to 
seven days’ delay in mulched strawberries. 


We often leave parts of strawberry patches unmulched that we may 
get earlier berries. It will make from two day’s to a week’s difference. 
If the mulch is very heavy and put on after the ground is frozen to 
the greatest depth, they are more retarded than when the mulch is 
applied before the ground freezes, for evident reasons. Mulched 
strawberries have a better color — much more glossy than unmulched. 
Aside from keeping the ground cooler, the maturity of the berries is 
retarded by the fact that in a heavy mulch many plants find difficulty 
in pushing through the straw, and are really late plants with the 
development all to come in after they get to the light. Frost collects 
on straw, and I think straw-mulched strawberries are more injured 
(considering their state of advancement) than those unmulched. 


Bens. BuckMANn. 


A. B. McKay, Agricultural College, Miss., find the fruit of straw- 
berries can be retarded. 


Some years ago I mulched a patch heavily with leaves, and the plants 
were very slow to start on the mulched portion. The crop was later 
and lighter than on the unmulched portion. I did not repeat the 
experiment. 


A. B. McKay. 
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Parker Earle, Ocean Springs, Miss., has observed a retardation of 
of four to six days. 
I have had no experience in mulching strawberries for purpose, of 


retarding bloom, but have observed that our mulching for cleanliness - 


and to prevent heaving out by frost, has had aretarding effect —I 
should say, to the amount of four to six days. 
PaRKER Hare. 


CONCLUSIONS. 


1. The early bloom of fruit plants depend very largely upon the 
appropriation of food stored in the twigs, and it is more or less inde- 
pendent of root action. This is proved both by direct experiment and 
by study of the physiology of plants. 

2. It must follow then, that the temperature of the twig or branch 
must be reduced if its vegetation is to be much retarded; or, in other 
words, the top of the plant, as well as the soil, must be mulched, and, 
in practice, this is possible only with strawberries and other very 
low plants, or those which are laid down during winter. 

3. There is danger of injuring plants by heavy mulch which is 


allowed to remain late in spring. If it is desired to retard flowers or — 


fruit by mulching, the practice should not be violent and the plants 
should be carefully watched. 

4. Many strawberry growers are able to delay the ripening of fruit, 
by mulching, from two days to two weeks; but a week’s delay is 


usually about the limit of profitable results. 
L. H. BAILEY. 
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I. The Profits of Spraying Apple Orchards. 


Spraying orchards to protect the foliage and fruit from the attacks 
of insects and fungi may now be considered as one of the regular 
duties connected with the growing of apples. Those who have had 
experience in this direction are practically unanimous in saying that 
not only does it pay to spray apple orchards but it generally pays well. 
Doubts as to the advisability of making applications to orchards are 
rapidly disappearing, and now arise the questions, what to apply, and 
how and when to make the applications. The following experiments 
were designed to indicate as accurately as possible what are the best 
methods of treating apple orchards so that fruit of the best quality 
may be obtained with the smallest outlay of labor and money. 

Description of the orchard used in the experiments of 1892 and 1898. 
The orchard of John J. McGowen was selected for the work. This 
orchard covers about two acres and is situated upon a strong clay 
loam. The land is moderately rolling so that fairly good drainage is 
afforded. The trees were set out in 1869, making the orchard now 
twenty-four years old. However, many of the trees first set have died 
at varying intervals so that the orchard is not uniform. Most of the 
trees used for filling vacant places are Baldwin, and many of these are 
now coming into bearing. Nearly one-half of the trees originally set 
and now in bearing are King; the other varieties in full bearing are 
Baldwin, Fall Pippin, Maiden Blush, Fallawater, Red Astrachan, 
Chenango, Strawberry, and Westfield Seek-no-further. The last two 
varieties were not used in the experiments, 

The care which the orchard received from the time of setting has 
been as follows: During the first three years the land between the 
rows of trees was used for raising grain and hay. It was then seeded 
down and sheep were put in. The sod has not been broken since it 
was first formed. The trees have had an annual dressing of about a 
quarter of a load of barnyard manure per tree until the year 1890, 
when the quantity was increased to about a third of a load. The trees 
as a rule have been regularly pruned, and the old ones are now, with 
scarcely an exception, fine specimens of the varieties which they 
represent. 

The orchard has borne irregularly. What may be called the first 
crop was obtained in 1884. The yield was then large, possibly larger 
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than the trees should have been allowed to bear, for on an average, 
about fifteen bushels per tree were harvested from the King. During 
the following years the crops were exceedingly light, but this year the 
orchard produced over three-fourths of a crop. 

The orchard was sprayed for the first time in 1890. London purple 
was then applied at the rate of one pound to two hundred gallons of 
water. The first application was made about the time the blossoms fell 
from the trees, and the second about two weeks later. In 1891 only 
one application was made to the orchard, London purple being used as 
before. The first experiments carried on under the direction of this 
station were made in 1892. The entire orchard was then treated with 
various fungicide and insecticides.* Some of the results obtained 
indicated the lines of work followed during the present year. 


Apple scab.— The apple scab fungus is probably the most serious — 


enemy of the apple grower. It has been determined that this fungus 
is active even before the leaf buds open, and that the little apples are 
attacked as soon as the flowers open, and probably even earlier. We 
have still to learn at what season the growth of the fungus practically 
ceases, and during what period the apples and leaves are most liable to 
its attacks. This may be determined in two ways: first, by studying the 
life history of the fungus, and second, by applying fungicides at inter- 
vals to the trees. If the last method is followed very thoroughly the 
results may be obscured by the more or less complete extermination early 
in the season of the fungus in the treated orchard. But if a few thor- 
ough applications made at the proper time will prove to be sufficient to 
protect the trees, the fact that the trees are thus protected is of great 
practical value, whatever the natural life history of the fungus may be. 

Points of merit in fungicides._The relative merits of the most 
important fungicides now in use still require careful consideration. 
Cost, ease in preparing and applying, adhesive power, all must enter 
into any comparison which may be made; and of late a still more 
important factor has been added, namely, the readiness with which the 
fungicide may be applied in combination with the arsenites. The 
fungicide which surpasses in all the above points has still to be dis- 
covered, but some now in use possess most of them. Spraying need 
not be neglected from a want of effective material. 

Spraying machinery.— The machinery to use in orchard work is an 
important item. Spraying is hard work, unless the pump is run by 
horse power, and this can be used with profit only by owners of excep- 
tionly large orchards. The vast majority of apple growers are neces- 
sarily forced to use hand pumps. These are now offered by the trade 


* See Cornell Experiment Station Bulletin, No. 48, December, 1892. 
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in almost endless variety, and selections are often difficult. Pumps of 
various descriptions have been tried at this station and the following 
are some of the points which have been emphasized. 

The pump should be powerful. It requires double the amount of 
exertion to apply a given amount of liquid with a small pump than is 
necessary when one of ample size is used. In general, a pump used for 
orchard work should have a cylinder at least two and one-half inches 
in diameter, the stroke being from four to five inches in length. The 
handle should be long, as greater power can then be obtained. Work- 
ing parts which are exposed to the action of the materials applied 
should be of brass, or else brass lined, for iron soon corrodes. The air 
chamber should be rather small, especially if the pressure of the liquid 
can be utilized in keeping the nozzle free from obstructions. In such 
cases, the one who pumps should be able to increase the pressure of the 
liquid in the nozzle by one or two quick strokes of the handle. A large 
air chamber defeats this. The pump used in the following experiment 
was the Gould “Standard” No. 2. It worked satisfactorily, but is 
open to the objection of being rather small, especially when much work 
has to be done. It is manufactured by the Gould Co., of Seneca Falls, 
ney. 

Many pumps are supplied with agitators, but these have not proved 
so satisfactory as was hoped. It was found that those which stirred 
the liquid by means of a stream which was discharged from a return 
pipe near the bottom of the barrel did not keep the liquid in the entire 
barrel stirred, but only in that portion of it which came directly under 
the influence of the current. Another objection to this class of agi- 
tators is that too much power is lost. Paddles of various kinds have 
been recommended. They are attached to the pump handle and with 
each stroke pass through a certain portion of the liquid. These do 
better work than the agitators mentioned above, but they also require 
considerable power. Noagitators were used in making the applications 
mentioned in the following pages. The liquids were stirred with a 
stick as often as was necessary, which was commonly before each tree 
was begun. 

The Improved McGowen nozzle No. 7 is the one used throughout the 
season. It is manufactured by John J. McGowen, of Ithaca, N. Y. 
The spray thrown is fine and forcible, and the nozzle gave no trouble 
from clogging. The pump was fastened to a barrel which was turned 
upon its side. The barrel was then placed in a light wagon and filled 
through a hole about six inches square situated at one side of the pump. 
The liquid was directed into it by means of a wooden funnel. Two 
persons worked together in making the application; one drove and 
directed the spray, while the other pumped. 
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Distance of planting apple trees.— The trees of this orchard are set 
forty-two feet apart each way. The advisability of planting those 
varieties of apples which have spreading tops like King and Baldwin at 
least forty feet apart can not be too strongly emphasized. Sufficient — 
room for the passage of a wagon must be allowed between the rows 
when the trees are full grown, and even forty feet is not sufficient for 
some varieties. A closely set orchard can be sprayed only with great 
difficulty, and an unsprayed orchard is rarely a profitable one unless it 
is situated in a peculiarly favorable locality, or unless it consists of 
varieties which are practically scab and worm proof. The greater ease 
with which an orchard may be sprayed when in full bearing is of itself 
a sufficient argument for open planting in apple orchards. 

Amount of liquid wsed.— The amount of liquid applied to the large 
trees at each application averaged about four gallons. If less liquid 
was used it was found to be insufficient to cover all parts of the tree 
as thoroughly as was desired; when more was used, most of the excess 
fell from the tree to the ground and was lost. The number of trees 
which may be treated in a day with the outfit described above is about 
one hundred and twenty-five. In experimental work much time is 
necessarily lost, but this estimate is not far from the number of trees 
which may be well sprayed by regular work. 

The weather.— The spring and summer of the year 1893 were, on 
the whole, normal. The departure from the average rain fall of each 
month was as follows: April + 1.69 inch, May + 2.01 inch, June — 
1.57 inch, July + 1.20 inch. April and May show an increase, May 
particularly so. As the temperature during these months was practi- 
cally normal, the apple scab fungus met favorable conditions for its 
development. June was inclined to be dry, although considerable rain 
fell; but July shows a rainfall above the average. The work done the 
past season was consequently subjected to practically the same con- 
ditions which may be expected any year. 

Material wsed.— The following are the materials applied to the 
orchard. They were used singly and also in combination. 

Bordeaux mixture, 
Ammoniacal copper carbonate, 
Fosite, 
Paris green, 
London purple. 
The Bordeaux mixture was prepared according to the formula: 
Copper sulphate, 6 pounds, 
Quick lime, 4*pounds, 
Water, 40 gallons. 
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The sulphate of copper was bought in the crystalline form. It was 
dissolved by placing the six pounds in a bag of coarse material and 
suspending it in the top of a pail filled with water. Treated in this 
manner the crystals dissolve in an hour or two. If hot water is used 
they enter into a solution much more rapidly. The lime was gener- 
ally slaked in about a pail of water. Then these two liquids were 
poured into a keg holding eight gallons, and a pailful of water was 
added. In this manner six gallons of concentrated Bordeaux mixture 
were obtained. If the entire amount was to be used, it was poured 
into a barrel holding forty-five gallons and sufficient water was added 
to make forty gallons of the mixture. If only a small quantity of the 
Bordeaux was desired, it was made by taking one part of the con- 
centrated mixture and adding to this nearly six parts of water. In 
this manner a mixture of very uniform strength was obtained. It was 
allowed to stand a few hours before using. When prepared according 
to the above formula, the cost of a gallon of Bordeaux mixture is 
about one and one-fifth cents. 

The ammoniacal carbonate of copper was made as follows: 


Carbonate of copper, 5 outices, 
Ammonia 26°, 3 to 5 pints. 
Water, 40 gallons. 


The amount of ammonia varied, for it could not be obtained of uni- 
form strength. Consequently the above formula was usually modified 
and the fungicide was made by taking: 


Carbonite of copper, 1 ounce, 
Ammonia, enough to dissolve the copper carbonate, 
Water, 9 gallons. 


This formula has proved to be a very convenient one. Although 
the solution is a trifle weaker than the one first given, it is of the same 
strength as that recommended by the Division of Vegetable Pathology, 
at Washington. The cost, when thus prepared, is about one cent per 
gallon. This fungicide was used during the entire season in combina- 
tion with Paris green. To forty gallons of the ammoniacal copper 
carbonate of the strength given above there were added: 


Paris green, 24 ounces. 
Quick lime, $ pound. 
The lime was previously slaked in water, and then both ingredients 


were added to the copper solution immediately before the applications 
were made. 
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Fosite is a very fine, bluish gray powder (see page 293). It was 
applied to the trees by means of a bellows furnished us by C. H. 
Joosten, 3 Coenties Slip, New York City. The discharge pipe of the 
bellows was entirely too short to reach the tops of the trees, but a 
fairly uniform application could be made by climbing into the tree and 


then blowing the powder at short range. This method is, of course,’ 


impracticable for commercial work. Fostite is sold in one hundred 
pound lots for $6.50, but larger quantities are sold at a lower rate. 

Paris green was used at the rate of two and one-half ounces to 
forty gallons of water, which is about the same as one pound to two 
hundred and fifty-six gallons of water. London purple was used in 
the same proportion as the Paris green. 

Objects of the experiments.— The above materials were applied with 
the intention of observing the following points: 

1. The number of applications of fungicides and insecticides neces- 
oe to produce fair fruit. 

. The comparative values of the fungicides. 

3. The comparative values of the insecticides, and the REN) 
of applying them in combination with fungicide’. 

Division of the orchard and dates of applications.— The orchard 
was divided so that some trees should be sprayed two times, others 
four times, and some even six times. Those sprayed twice received 
the first application May 19, and the second June 8. On the former 
date the first blossoms had just opened, only about a dozen being 
noticed, all upon King trees. At the time of the second treatment 
a few blossoms still persisted upon the trees. At first the intention 
was to have a shorter interval between the two applications, but the 


season advanced so slowly that it was thought advisable to wait. The 


trees which were sprayed four times were treated April 26, May 19, 
June 8, and June 22. When the first application was made, the buds 
upon the trees were swollen and almost ready to burst, but their win- 
ter covering still surrounded them more or less completely. In our 
experiments of last year the necessity for early applications was 
strongly indicated. On June 22, at the time of the fourth application, 
the young apples had set and active growth had begun. 

The third lot, the one receiving six applications, was sprayed on the 
same dates as the preceding, but in addition the trees were sprayed 
July 13, and again August 1. In this manner the fruit and foliage 
were well protected during almost the entire season. 

Combinations used.— The trees upon which fostite was applied 
were also selected for the comparative test of London purple and 
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Paris green. The powder was applied with a bellows, which necessi- 
tated the separate application of the insecticides. These were applied 
June 8 and 22, the dates of the first two applications following the fall 
of the blossoms from the trees. Upon the same dates Paris green was 
also used in combination with the Bordeaux mixture* Otherwise the 
Bordeaux was used alone. 

The ammoniacal carbonate of copper was invariably applied in com- 
bination with Paris green according to the formula given on page 269. 
Paris green readily dissolves in ammonia and it was hoped to avoid the 
caustic action of this solution by the addition of lime. Paris green 
was also applied alone to test its value as a fungicide. 

Grading of the apples.— The apples were harvested about the 
middle of September. The yield from each tree was placed in sepa- 
rate piles so that it could be accurately examined, and the effects of 
various applications noted. The picked fruit was divided into three 
grades, the windfalls being so few in number that they were 
not taken into consideration. The standard for the first grade was 
. high. It was the intention to have this grade composed entirely of 
fancy fruit, and only strietly first-class apples were put into it. The 
amount of scab or other fungous injury upon an apple determined its 
grade, the injury done by worms being rather secondary, for the apples 
were comparatively little damaged by them. As a rule, large and sym- 
metrical apples possessing good color, were placed among the seconds 
if several diseased spots could be found upon their surfaces even if the 
spots were small; for such spots showed that fungi had succeeded in 
entering the apples, and this was just the result which the applications 
were designed to prevent. 

Consequently, the grading was not done entirely upon a commer- 
cial basis, for many of the apples which were counted as seconds might 
have entered the market as fancy fruit, because the injury done 
them was not great enough to cause any apparent disfigurement. The 
apples which constituted the third grade were extra specimens 
of cider apples, and they are so considered in the table on page 
273; but they averaged as good as the ordinary barreling apples of the 
country. 

In counting the number of apples which were wormy, some difficulty 
was at first experienced. All were not injured to the same extent by 
the larve of the codlin moth, these being the particular ones sought. 
When an apple had been attacked early in the season the injury done 
could be seen at a glance. But young larve were abundant during 
late summer and early fall. Many of them had hardly begun their 
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destructive careers, so that practically the apples were uninjured, 
although the cause for future injury was present. Such apples were 
nevertheless considered as wormy, and were graded second-class. 

For convenience in comparison, all the figures in the following pages 
show percentages@ The first column, and the ones BE the weight of 
the fruit, are of course excepted. 

The results from only three varieties are tabulated. Some of the 
other varieties contained in the orchard produced no fruit. Others, 
especially the Red Astrachan, could not be obtained to make com- 
parisons as the fruit was sold as soon as it was fit for market. In 
general, however, this variety gave nearly as marked results as those 
obtained from the Fall Pippin or the Maiden Blush. A third reason 
for omitting certain varieties from the table, is that no definite results 
were obtained. The subject is more fully treated on page 275. 

Unsprayed plots.—Two King trees, situated in different parts of the 
orchard, were used as checks in order to have a substantial basis with 
which to compare the results obtained from the sprayed trees of this 
variety. One-half of a Fall Pippin tree was used as a check, there 
being only four trees of this variety in the orchard. The orchard con- 
tains but one tree of Maiden Blush, so that only one-half of this could 
be used as a check. However, from the appearance of otber apples of 
these last two varieties, borne in the neighborhood, the fruit produced 
upon the unsprayed portions showed well the comparative value of 
untreated apples. 
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This table contains in a condensed form the principal results obtained 
this year in the orchard of Mr. McGowen, and it is the basis for many 
of the conclusions which follow. But additional tables are necessary 
in order to realize the full force of many of the figures, and to compare 
in a more convenient form various results obtained. 

Number of applications necessary.— To reply to the question, How 
many applications can be applied with profit? is not an easy task. 
Too many factors must be taken into consideration to give an answer 
which will apply to all apple growers. It can be shown what the 
results of varying numbers of treatments have been, and from this each 
grower must decide for himself how many can be made with profit. 
The percentages of gain in first-class apples of the sprayed over the 
unsprayed portions are given below: 


Table II.— Showing Percentage of Gain in First-class Apples 
Obtained from Varying Numbers of Applications. 
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This table emphasizes several facts. In the first place, it shows 
what an enormous range of variations is found in the treated apples of 
different varieties. The series is most nearly complete in the King, but 
the Fall Pippin shows the benefits of six applications, and the Maiden 
Blush of four. The last was more affected by four applications than 
the Kings by six, and undoubtedly the Fall Pippin would have shown 
a still greater difference, judging from the effect produced by six 
applications. 

Turning to the King, it will be seen that on the average two appli- 
cations increased the numberof first-class apples ninety-two per cent, 
four applications 115 per cent, and six applications 150 per cent. In 
making these averages, only the application of Bordeaux mixture, 
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ammoniacal copper carbonate, and Paris green were considered, for it 
would be obviously unfair to include fostite under the six applications 
and not under the others. This fungicide was applied merely for the 
purpose of determining its value as compared with the others. 

It is practically impossible to show by means of figures the exact con- 
dition of an apple crop. The averages for the King, and these were 
the ones particularly selected to determine the benefits derived from 
different number of applications, show a uniform and marked increase 
in the number of first-class apples asthe number of applications 
increased, As has already been said, the grading was not done for the 
ordinary market, but for fancy trade, and since the later applications 
protected the fruit from attacks of scab which would have produced 
but slight blemishes, the above figures must not be construed to show 
that it is much better for the general grower to make six applications 
instead of four. 

The commercial grading of all the Kings as made by the buyer was 
as follows: The total yield of King was sixty-five barrels. Of these 
fifty-nine barrels were marked as firsts, four and a half as seconds, and 
one and a half barrels as thirds. On considering the percentages of the 
three grades, they constituted respectively ninety-one, seven and two 
per cent of the total yield. In this grading the wind-falls were also 
included, which was not the case in the table on page 273. The high- 
est per cent of first-class fruit shown by this table was seventy-six, 
yielded by King apples sprayed six times with the Bordeaux mixture. 
Some idea of the high standard set may be obtained by comparing 
this with ninety-one per cent made in packing. 

Value of sprays upon different varieties.— Two important factors 
must be considered in spraying every orchard. The first and more 
important one has to do with the varieties grown; the second has , 
reference tothe characters of the season. During wet weather more 
applications are necessary than when the rainfail is slight. Dry sea- 
sons do not favor the development of injurious fungi, and the materials 
applied remain upon the trees much longer, not being washed off by 
rains, 

Some varieties are undoubtedly much more subject to the attacks of 
apple scab than others. The past season .proved this beyond a doubt 
as regards the varieties grown in the treated orchard. Several trees of 
Baldwin and Fallawater were included in the experiments, but no 
detailed report is here made of the results obtained, as there was prac- 
tically no difference between treated and untreated trees. Although 
the Fall Pippin and the Maiden Blush apples were nearly ruined when 
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not treated, Baldwin and Fallawater apples growing close by them 
were hardly injured. I believe it can safely be said that the susceptible 
varieties mentioned above could have been sprayed with profit four or 
five times in order to reduce insect and fungous injury, while the com- 
paratively resistant varieties would not have repaid any more applica- 
tions than those necessary to control the codlin moth, two treatments 
with Paris green being probably sufficient for this purpose. 

Another point bearing upon this subject can not be overlooked. 
Many varieties are not uniformly attacked in different localities. It 
may pay some growers of a certain apple to spray it thoroughly, while 
the same variety in another locality would not warrant the expense of 
even one treatment for scab. During the summer of 1892, an attempt 
was made to determine the amount of injury done by the scab to the 
varieties of apples now in cultivation. The results of the work were 
published in Bulletin No. 48, of this Station. Although the list given 
is not so complete as might be wished, it is still of interest in this 
connection. | 

From the preceding it will be seen that no rule regarding the number 
of applications nor the dates upon which they are to be made can be 
laid down with safety. Each grower must be his own judge. If two, 
four or six applications are decided upon, they can be applied with 
safety and profit, in New York, upon dates given on page 270, subject 
to the condition of the season. 

Comparative efficacy of the fungicides.—A fair idea of the compara- 
tive values of the various fungicides used can be obtained by examin- 
ing the number of first-class apples produced by the trees sprayed six 
times with the fungicide used in each plot. 


' Table III.— Showing the Per Cent of First-class Apples Pro- 
duced in the Different Plots. 


PER CENT oF First-cLass| PER Cent INCREASE OF 


APPLES OF EACH VARIETY. EacuH VARIETY. 
TREATMENT, 
Fall | Maiden : Fall | Maiden 
King. Pippin. | Blush, King. Pippin. | Blush. 

MED EAV OU s,s: vice crarpatelsminieit erate ss cleis'sins 25 1 1B]. ois cieie0 lis stateisielatial Peiioanels oe 
SOROS OE HE Wem luicieioseisisloinadeieimiauitesa's ss date 7 61 48 204 6000 2200 
Ammoniacal carbonate copper ........... 57 RD Allveidie cele 128 ROD Nivine vleeet 
PALI (PTOOM jes wicla's 6 slenipistesib biedintders ¢ é peels 57 SURI tiv’ one's 128 SOO hos pisses 
Fortite and Paris green ......esecseeeeeees 40 aD Bteen oes 60 GOON. ov wcisiets 
Fostite and London purple................ Opin teens beth asd car C2 sl Heer d|” se ntenee 


Fie. 1.— King, Sprayed Six Times with Bordeaux Mixture. Showing Relative Proportion of First, Second 
‘ and Third Grades respectively. 


a 
Fia. 2:— King, not sprayed. Snowing Proportions of First, Second and Third Grades respectively. 


7 : 7 ; 
os add FAA in 


Fia. 4.— Fall Pippin, not Sprayed. Showing First, Second and Third Grades. 
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The decided superiority of the Bordeaux mixture can be seen at 
a glance. In no case did any other fungicide give results which 
approached in excellence those obtained from this mixture. Nor is its 
value fully shown by the number of apples in the various grades, for 
the general appearance of these apples was so superior that the fruit of 
the Bordeaux lots could be identified at sight almost with certainty. 
This superior appearance was mainly due to the uniform size of the 
apples, their regular form and the smoothness of the skin. Figure 1 
illustrates these points well. The regularity with which the first-class 
apples could be piled upon the trays is particularly to be noticed. 
Little remains to be desired as regards uniformity of fruit. 

The general effect of six applications upon King and Fall Pippin 
apples may be obtained by comparing Figs. 1 and 3, these represent- 
ing treated apples, with.Figs. 2 and 4 showing fruit which was not 
sprayed. With the more susceptible varieties it is evidently a question 
of crop or no crop, and the answer is in the hands of the grower. In 
comparing the illustrations it must be borne in mind that among the 
sprayed lots were a great many apples graded as seconds, which really 
were first-class apples, only they did not bear the test of sufficient 
freedom from scab. The general appearance of the seconds of the 
unsprayed lots was markedly inferior to the same grade of the sprayed 
lots. 

The ammoniacal carbonate of copper most nearly approached the 
Bordeaux mixture in the value of the results obtained. Although the 
average increase of first-class apples, 128 per cent, is the same as that 
given by Paris green, still the general appearance of the apples treated 
by Paris green and carbonate was plainly in favor of those treated 
with the ammoniacal solution. The first-class apples of this last were 
almost equal to the same grade of those treated with Bordeaux, while 
those treated with Paris green were not. More small spots of scab 
could be found upon the latter, and the apples were unquestionably 
inferior. However, in the general market most of them would have 
been classed as firsts. 

Fostite is far behind in the comparison. King trees to which this 
powder was applied when treated with Paris green for the codlin moth 
show an increase of 60 per cent of first-class apples. When the Lon- 
don purple combination was used, the increase is but 33 per cent. 
Since the Paris green undoubtedly assisted in keeping the fruit fair, 
the entire gain in the other lot may be ascribed to Fostite, for London 
purple has practically no value as a fungicide. But this test of Fostite 
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is not, entirely, fair since the apparatus for applying it was pee 
adapied to the work. 

The following diagrams will assist in showing more plainly the 
results obtained from six applications of various fungicides upon King 
and Fall Pippin apples. In diagram II, which refers to Fall Pippin 
apples, the upper division represents first-class apples, the middle divi- 
sion second-class, and the lower one third-class apples. 
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Diaaram I.—SnHowine THE RELATIVE VALUES OF THE FUNGICIDES 
AppLiep To Kina AppPLEs. 


ple). 8d 


1st SEO 
Not sprayed. 2 gear EAR ES 
3d EEE 
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‘ Bordeaux 
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3d eum 
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of copper. 
we 3d 
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Paris green. 2 ARRESTED 
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5 hye 
Fostite (and TSt  guemessnmnar cece Mera RECS 
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Diuseramell.— SuHowrne toe Revative VaLvE or THE FouneicipEs 
APPLIED TO Fatt Pippin AppLezs. 


a b c d e 


a, unsprayed; b, Bordeaux mixture; c,ammoniacal carbonate of copper; d, Paris green; 
c, fostite (and Paris green). 
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None of the apples showed the effects of spraying more plainly 
than the Fall Pippin. This variety is very subject to the attacks of 
scab, and diagram IT shows clearly the comparative values of the fungi- 
cides, as well as the benefits derived from proper applications. By 
comparing the untreated plot with the Bordeaux, it will be seen that 
the second one (0) is practically the reverse of the first (a). The 
unsprayed Fall Pippin yielded scarcely a first-class apple, the bulk of 
- the crop being third-class. The apples treated with Bordeaux are 
mostly first-class apples, while the proportion of thirds is exceedingly 
small. Certainly it pays to spray this variety. 

Insecticidal values of the arsenites.— Although the London purple 
and Paris green used in these experiments contain about the same 
amounts of arsenic, still it is held in different forms. Applications 
were made to determine their comparative values. 


Table IV.— Showing the Results Obtained from Applications 
of the Arsenites. 


King. Fall Pippin. Woe 
No. of treatments...... 1 2g 6 0 2g 6 0 2 0 
MATERIALS APPLIED. Per cent of wormy fruit 
Bordeaux mixture...... 11 5 9 4 12 PR RR 
Am. carb. copper....... DASE AM Dsl aoaenetete Ikea ue 
PeaPIae OTEON. ... dic tons BG. 8.) O26 8 Oo shea alee 
London purple......... 3 QIN eee ee listen |. = os | cg ene 


The apples were on the whole very free from worms, whether 
sprayed or not, yet the above table indicates some of the effects of the 
applications. 

The per cent of wormy apples among those sprayed but once with 
Bordeaux, is large when compared with the apples which were not 
sprayed. In one case, the number is larger, but on the average a small 
gain was made. This application was made June eighth, as soon as 
the blossoms had fallen from the trees. 

All varieties show a considerable decrease in the number of wormy 
apples when the trees were treated twice. The second application was 
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made June 22, two weeks after the first. These two treat- 
ments protected the apples so well that any additional ones would 
hardly have been profitable. June was comparatively dry (see p. 268), 
but the rain-fall during July was considerably above the average, so 
that the poison stood a good chance of being washed from the trees. 
It would scarcely seem to be advisable to apply Paris green or London 
purple more than twice in a season for the codlin moth, unless the rain- 
fall is very heavy or continuous. Late applications protect the fruit 
from larvz which hatch late in the season, but their numbers are com- 
paratively few, and the damage done is so insignificant from a financial 
standpoint that the returns will scarcely warrant the expense. 

On the whole, it appears to be immaterial in which form or combina- 
tion the arsenites are applied. The table shows that when only one 
application was made Paris green gaye better results when applied 
alone than when applied in combination with Bordeaux. But when 
two applications were made this result is reversed. This coincides 
practically with the results obtained in 1892,* when it was also found 
that the action of the poison was not materially affected by the 
presence of the Bordeaux mixture. . 

Paris green and the ammoniacal solution did not give such favorable 
results, but as the difference is comparatively slight, conclusions 
adverse to the combination can scarcely be drawn. 

Two applications of London purple made upon the King gave more 
sound apples than two of Paris green, only three per cent being found, 
wormy But Paris green equals this in two applications made upon 
Fall Pippin, and surpasses it by one per cent in the Maiden Blush. 
Consequently, no preference can be given to either poison as regards 
its insecticidal value. It is probable that if each contains the same 
amount of arsenic, the value of the two is the same. In one 
respect, however, Paris green has been disappointing. It was 
found last year, and again this summer, that the foliage of 
apple trees is more or less injured by its use. When many 
applications are made using one pound of, the poison to 256 
gallons of water, the injury may become serious. After 
the fourth application had been made to the orchard, it was found 
advisable to use about a quarter of a pound of quick lime, first slaked 
in water, to every forty gallons of the poison mixture. This apparently 
stopped the caustic action of the Paris green. Samples of Paris green 
from several manufacturers are now being analyzed by the Station 


* See Cornell Experiment Station Bulletin No. 48, December, 1892. 
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chemist, and from incomplete data it would seem that all Paris green 


now sold in the market contains more or less soluble arsenic. If trouble 
is experienced in its use, the addition of lime will be sufficient protec- 
tion to the foliage. London purple also injured the foliage, even to a 
greater extent than did the Paris green, but the injury was partially 
obscured by the action of fostite, which was applied upon the same 
trees. 

Action of fungicides upon foliage.— Fostite was applied to the 
trees in liberal quantities, in order to give it a fair trial. The lower 
branches of the trees received their full share, which was not always 
the case with the upper ones. Later in the season the leaves upon the 
lower branches showed decided injury, so that if this powder still 
proves to be of value for combatting apple-scab, it must be used with 
caution. 

The ammoniacal carbonate of copper, to which was regularly added 
Paris green and lime as described on page 269, proved very satisfactory 
as regards injury to foliage. Throughout the season the leaves of trees 
treated with this combination were healthy and the trees looked 
vigorous. , he Bordeaux mixture also protected the foliage so well 
that scarcely a diseased leaf could be found. This effect was particu- 
larly noticeable on the Fall Pippin. The difference in foliage between 
the sprayed and unsprayed trees could be seen very plainly. The 
foliage of this variety is naturally much attacked by the apple-scab 
fungus, and this characteristic allowed the beneficial action of the 
Fungicide to become apparent. The foliage of a Fall Pippin tree that 
was sprayed with Paris green was also noticeably more healthy than 
the unsprayed. 

Size and color of the sprayed fruit.— The size of the apples was in 
some cases very plainly affected by the applications, and possibly also 
the color. On this latter point there was a difference of opinion, just 
before the apples were picked. The apples were sold while still upon 
the trees and the buyer very soon discovered an unsprayed tree and 
wanted to know what was the matter with it. It was his opinion that 
the color of the sprayed fruit was deeper and brighter, and others 
affirmed the same, but the point is open to doubt. Many varieties of 
apples will color beautifully if the sun is allowed to shine upon them 
even after they are picked. 

But there can be no question of increased size of the sprayed apples. 
The Kings did not show it so plainly*from the fact that the entire trees 
received the same treatment. By referring to the table on page 273 it 
will be noticed that the weight of one hundred apples sprayed twice 
with Bordeaux mixture was 374 pounds, sprayed four time 474 pounds, 


mths 


THE SPRAYING OF ORCHARDS. 283 


sprayed six times 444 pounds. There is apparently no connection 
between the weight of the fruit and the treatment of the trees, and 
the other weights given under this variety are equally disconnected. 
An accurate comparison can be made in case of the Pippins. In the 
table mentioned, the numbers in the division which refers to the portion 
treated with Fostite and Paris green were obtained from trees treated 
only upon one side, the other half remaining asa check. The gain in 
weight is shown to be 34 pounds, although the treated apples were by 
no means the best. But the Maiden Blush apples showed what could 
be done. There is only one tree of this variety in the orchard, and 
this year it bore a fair crop. One-half of this tree was sprayed with 
Bordeaux and the other half was not touched. When harvested, 100 
average apples of the unsprayed side weighed 244 pounds, while an 
equal number similarly chosen from the other half of the tree weighed 
37% pounds; a gain of over 54 per cent. This difference was forcibly 
shown in another way; in fact, so plainly and conclusively did it show 
the value of spraying apples susceptible to the attacks of the scab that 
it alone would convince the most skeptical that the operation is a pay- 
ing one. One hundred average unsprayed apples filled a half-bushel 
basket evenly full, as shown on the cover page; one hundred of the 
average sprayed apples filled a bushel basket evenly full. Thus the 
bulk of the crop of Maiden Blush was practically doubled. At 
the same time the energy of the trees was taxed but little 
more, as the production of the seed in the apple is more 
exhaustive than the production of the flesh. It is true that but 
few commercial varieties of apples will respond so generously to 
treatment, but still some will, and there can be no doubt that all varie- 
ties attacked by fungus are more-or less checked in their growth. In 
addition to this, healthy foliage assists in making a healthy and vigor- 
ous tree, resulting in the deflection of a greater amount of food to 
_ the fruit. 

Keeping qualities of apples as affected by sprays — A few Fall 
Pippin and Maiden Blush apples were selected from the sprayed and 
also from the unsprayed portion of the trees about September 20, 
Bordeaux mixture had been used upon the former. They were stored 
in a cool, dry cellar. On the 15th of. October the unsprayed apples 
began to show signs of shriveling. The scabby portions were 
depressed and some days later showed signs of decay. November 
18, the unsprayed apples were much shrivelled and somewhat decayed. 
The sprayed apples, which were exceptionally fine specimens, were still 
plump and fit for market. It is possible that the keeping qualities of . 
apples may be considerably affected by the proper applications. 
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It will undoubtedly be interesting to follow the apples from this 
orchard into the markets, and thus determine what relation the spray- 
ing of the fruit bore to the price received for it. Through the kind- 
ness of the buyer, J. H. Gail, commission merchant in Buffalo, N. Y., 
I am able to give his report on this point. His statement regarding 
the appearance of the fruit in the orchard was as follows: 

“Without question, the showing of the fruit, before harvesting, in 
the apple orchard of John J. McGowen was one of the finest it has 
ever been my pleasure to see. The fruit, having been picked and 
barrelled for extra fancy trade, did not show over two or three per 
cent of culls; and the culled fruit when packed made a ‘very good 
grade of second quality. There was practically no fruit usually 
known as cider apples in the orchard.” 

The following letter relates to the sale of the apples in Buffalo: 

“The apples were as fine as anything [ ever saw in the shape of 
Kings, even those rated as 2nd’s or No. 2’s being as good as the 
ordinary run of No. 1 fruit; in fact, they sold at the price of other 
No. 1’s. We commenced the trade on them as soon as they arrived 
here, to some of our buyers of fancy fruit, at $4.50 per bbl. in job 
lots. I think had we put the price at $5.00 we should have got it; 
in fact we did get it for a portion of them while the ordinary run of 


Kings and so-called No. 1’s sold in single barrel lots at the same time © 


at $3.75 to $4.00. We think they went out fully $1.00 per bbl. better 
than the average run of Kings, and all who had them were anxious 
for more.” 


Buffalo, N. Y., Nov. 14, 1893. J. H. Gar. 


The following letters indicate the attitude of leading fruit growers 
of this state regarding the spraying of orchards: 

“Tn my opinion, spraying is a work of iaestimable value; indeed I 
believe no man engaged in growing apples can afford to dispense with 
it. He should spray both with reference to the work of insect life 
and fungi. It should be done at least’ twice in ‘the season and every 
year. The operation is inexpensive, and will'pay a larger percentage 
on the investment than any other. outlay of an equal amount.” 

Geneva, N. Y. 8S. D. Witrarp. 

° 
“After five years’ experience in spraying with insecticides and 
fungicides, I am sufficiently satisfied to plan for the future to do the 
work more thoroughly than it has yet been done, 
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“T have found that Paris green not only avoids a large per cent of 
the Codlin moth’s depredation, but it also has the effect of destroying 
the tent caterpillars and other leaf-eating insects that destroy much 
of the foliage during the period when it is most needed to perfect the 
development of wood and buds for the following year, as well as the 
fruit of the present. 

“There is no doubt but that much of the failure of the orchards of 
New York for the past ten years has been due to the insects that have 
annually denuded the trees of a large amount of foliage, and there has 
been a formation of fruit-buds of low vitality. 

“The same effect has been produced by a steady increase in attacks 
of apple-scab fungus upon both fruit and foliage which the trees have 
not been able to resist, and I have seen fruit over entire counties in 
Western New York fall to the ground within a week after blooming, 
from the effects of apple-scab fungus; and the young foliage was as 
sear as if a frost had injured it. 

“ When using Paris green alone, I apply one pound to 250 gallons of 
water. If used with Bordeaux mixture, one pound to 200 gallons. 

“ A very thorough, even distribution of the mixture is more essential 
than quantity. 

“T have used four pounds of copper sulphate and three pounds of 
lime to 50 gallons of water with satisfactory results on apples and 
particularly so on quince the past season, as also with grapes. These 
were sprayed three times, with twelve and fifteen days inter- 
vening; the fruit was clear in color, and improved in quality. 

“No fixed time can beset for the spraying. The fruit grower most 
study the conditions which vary with each season. 

“Some varieties are more susceptible to fungus attack than others, as 
the Spitzenburg and Cranberry Pippin, among apples, and the White 
Doyenne and Flemish Beauty among pears, and these require more 
thorough treatment than others.” ; 

Ghent, N. Y. Gro. T. Powsztt. 


“T made one experiment in which about one-sixth of a R. I. Green- 
ing tree was sprayed with Paris green, using 1 pound of the poison to 
200 gallons of water. As no rain fell soon after this application, a 
second one was not deemed necessary. When the apples were harvested 
the sprayed portion yielded 534 sound apples, or 4 bushels; and 48 
wormy apples, or about $ bushel. The unsprayed portion yielded 216 
sound apples, or 14 bushels; and 92 wormy apples, or ? bushel. Many 
wormy apples fell from the unsprayed portion during the season, and 


286 AgrRicuLTURAL Experiment Station, Itaaoa, N. Y. 


as this was not the case with the part sprayed, the above figures are 
very partial to the side that was not sprayed. The sprayed apples were 
larger, of better color, and showed less scab. The man who came to 
buy my crop saw the sprayed side of the tree first, and actually gave 
me 5 cents a barrel extra for all my fruit, although most of my orchard 
consists of green instead of red varieties.” 

Peruville, N. Y. C. E. CHapman. 


ei 


II. Test of Some Fungicides and Insecticides 
Upon Peach Foliage. 


Peach trees were treated with the following materials for the purpose 
of determining the extent to which each would injure the foliage: 

Bordeaux mixture.— This was prepared according to the formula 
given on page 268. 

Bordeaux mixture and London purple.— The arsenite was used at 
the rate of 1 pound to 250 gallons of the mixture. 

Ammoniacal carbonate of copper, prepared as described on page 269. 

Ammoniacal carbonate of copper, Paris green and lime. These 
materials were used in the proportions stated on page 269. 

Paris green, used alone at the rate of 1 pound to 250 gallons of 
water. 

London purple, used at the rate of 1 pound to 300 gallons of water. 

Fostite, applied with bellows. 

The above materials were applied to the trees three times, and upon 
the following dates: July 18, August 3, and August 22. The 
ingredients of the combined insecticides and fungicides were mixed 
immediately before the applications were made. The table shows the 
extent of injury resulting from each. 


Kind of Treatment After Three Applications had Been 
Made. 


TREATMENT AND PER CENT. OF LEAVES DROPPED. 


VARIETY Ammo. | 4™mo- | | 


TREATED. F carbo 
Bordewux ating le wee nate of | Paris | London | mostits 
mixture. don purple.| nate of | COPper | green. purple. ; 
copper and Paris 
green. 
Old Mixony 7s cn secise= 0 0 WU Faterolats ake PESIOCOO NM wGonarione “ll dcsue acd 


COPA WIOLO'. csc. cto crelntel eae tresivigc | \pieeciacclerstecicct tk. ielomrere ) 10 15 90 0 


The above notes were taken September 12, or 21 days after 
the last application had been made. Notes were also taken August 
22, or only after two treatments had been made. 
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The Bordeaux mixture did not injure the foliage, whether London 
purple was added or not. As above.prepared it is a perfectly safe 
fungicide to use on peach trees and the addition of London purple 
does not render it caustic. | 

Fostite did no injury to the foliage. The reason for this may be 


that the leaves of the peach are so smooth that the powder will not 


' adhere to them. At least it was difficult to make what may be called 
a heavy application, as the powder blew through the trees, very little 
apparently being retained by the leaves. It is also possible that peach 
leaves are not affected by the caustic action sometimes shown by 
Fostite. 

The ammonical copper carbonate, when used alone, seriously injured 
the foliage after three applications had been made, fully 75 per cent. 


of the leaves dropped from the trees and the remainder showed injury, 


more or less serious. 

When Paris green and lime were added to the ammoniacal solution 
two applications showed considerable injury to the foliage. Three 
applications caused from five to ten per cent of the leaves to fall, 
about ten percent of them were yellow, but the remainder showed 
comparatively little injury. Possibly this decrease in the extent of 
injury may in part be due to the variety treated, but it is scarcely 
probable that this influence was very great. 

The action of Paris green was exceedingly caustic. Two applica- 
tions caused nearly a fourth of the leaves to drop from the trees, while 
soon after the third application about 75 per cent fell to the ground. 
It is unsafe to use Paris green upon peaches, unless the mixture be 
made very weak. 

London purple did still more damage than Paris green. Fully 90 
per cent of the leaves dropped from the tree after the third applica- 
tion. This result coincides with those previously obtained by various 
experimenters, particularly those published from this station in 1890.* 


* See Cornell Experimental Station Bulletin XVIII, July, 1890, for detailed 
accounts of London purple and Paris green upon peach foliage. Analyses of 
these arsenites are also given. 


III]. Some Novel Insecticides and Fungicides. 


Various substances have been sent to this station for the purpose of 
having them tested in regard to their value as insecticides and 
fungicides, and other materials have been suggested by growers who 
believed that beneficial results have followed their use. In addition to 
these several other substances were applied the past season, both singly 
and in combination, in the hope that somethmg might be found that 
would prove of value. Some of the substances compared had already 
been used at this station* in similar experiments; those materials 
which appeared most promising in 1891 were tested a second time this 
year. But in the majority of cases it was not known what would be 
the action of the substance upon foliage, so many of the formulas used 
are not necessarily the best ones for the proper action of the materials 
mentioned in them. Some applications were too weak and others 
decidedly too strong, but all indicated more or less distinctly their 
value as fungicides or insecticides. Many of the materials were 
believed to possess caustic properties and to these lime was added. 
The lime was slacked in a small quantity of water, and required 
amounts of this milk of lime were used. The applications were, as a 
rule, prepared immediately before being used. 

All liquids were applied with a knapsack pump manufactured by 
W. & B. Douglass, of Middletown, Conn., and a vermorel nozzle with 
lance. Powders were applied by means of Josten’s magazine bellows. 

Difficulty was experienced in making a uniform application of 
those mixtures which contained much sediment. This was particularly 
noticeable in the case of the Bordeaux mixture, for this showed very 
clearly whether it had been applied properly or not. Such mixtures 
cannot be well agitated in a knapsack pump, so generally the first 
applications contain the material in a more concentrated form than later 
ones. As only small quantities of the various mixtures were applied 
no serious variations took place in the followmg experiments. 

The following are the kinds of plants treated. When but one 
variety was used the name is given here; in other cases the name of 


* Cornell Experimental Station, Bulletin No. 35, December, 1891. 
37 
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the variety will be mentioned in the tables or text : apple; blackberry, 
Agawam; dewhberry, Lucretia; gooseberry, Industry ; raspberry, 
Cuthbert ; and quince. At least one plant was used for each applica- 
tion except in the case of the apple, when only one-half of each tree 
was treated; the other half served as a check. 

Unless otherwise stated, the number of applications is six. These 
were made on the following dates: May 31, June 14, June 29, July 18, 
August 1, and August 22. Notes on the action of the materials applied 
were taken July 14 and Sept. 12. This allowed the effects of few and 
many applications to be compared. The condition of the weather 
during this time is mentioned on page 268, and in addition it may be 
said that the rainfall during August was about normal. 

The fungi against which the applications were particularly applied 
were as follows: During the summer of 1892 most of the varieties of 
apples had suffered from the attacks of the apple scab (Jusicladium 
dendriticum), for this fungus attacks the leaves as well as the fruit. 
The quinces have also regularly shown the presence of leaf spot 
(Entomsoporium maculatum), while raspberries, blackberries and dew- 
berries have been attacked by anthracnose. This year anthracnose 
could scarcely be found except on the dewberries. The leaves and 
canes of these plants were quite seriously attacked by this fungus 
(Gleosporium necator). The Industry gooseberry is an English 
variety and is very susceptible to the attacks of mildew (Sphwrotheca 
Morsuve). It attacks both foliage and fruit, generally rendering the 
latter unfit for market. 

The numbers in the first column of the following tables show approxi- 
mately the degree to which the foliage was injured by fungi. All the 
sprayed plants were carefully compared with the unsprayed and the 
relative degree of injury from this cause noted as accurately as possible, 
in order to determine the effect of the application. The second column 
of the tables shows the gain in per cents of freedom from fungous 
attack of the sprayed over the unsprayed portions. In the third 
column are placed the numbers which show the per cent of injury 
done by the applications. 

As a rule, the amounts of injury shown by the tables are based upon 
the results of six applications. When they refer to a fewer number 
the fact will be mentioned. 

No. 1.— Bordeaux mixture.— This was prepared according to the 
formula on page 268. Its value asa fungicide has been so often 
proved that its use here is merely for the purpose of comparing the 
results obtained from other applications with some which may be con- 
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sidered as standards. The comparative value of the materials can thus 
be more accurately considered. 


SPRAYED. 
Unsprarens 
PLANTS USED. saath Ls Per cent 
Meingi, | reduetion [Jury from 
of fungi. Tiana 

Apple \( Bald with). c/s nctonoijeras «o'er atte 15 85 0 
Blackberry: . 2. sieys's' le Be eee ss eta 0 0 0 
BIOONCDEITY oe MOE. ENS ais Seas ae 20 75 0 
MWD ELEY s Gif daitbor aisle epte rd al vis Zeovetes dre eens 10 Taal % 0 
Quince (Rea’s Mammoth).... ........ 15 80 0 
Bea DCLL Ye cnc fal wna ie ons at by die chr aeal ad at a 0 0 0 


The dewberries and the quinces showed most plainly the value of 
the treatments. Most of the other plants were not so seriously 
attacked, yet the difference between the treated and the untreated 
plants could be seen. 

The Bordeaux mixture when properly applied practically protects 
the foliage of plants from the attacks of the fungi mentioned on 
page 290. 

No. 2.-- Copper Chloride.—'This fungicide gave good results in 
1891, although it was then used too strong. It was used the past 


season as follows: 
(a) Copper chloride, 1 ounce. 


Water, 25 gallons. 
' (b) Copper chloride, 2 ounces. 
London purple, 14 ounces. 


Lime, 1 pound. 
Water, 25 gallons. 
SPRAYED. 
Unsprayed. FORMULA A, FORMULA B. 

PLANTS USED. faditg onl a 
fungi. P tre- | Per centin- | p tre-| Per. cent 
duction of | SUFY from | Guotion of | ¢AtiURy 
fungi. tion. fungi. plication. 
Apple (R. I. Greening) . 10 0 5 50 0 
Blackberry). ./7 42nd. + 0 0 5 0 0 
Dewberry « ....42). «nae « 20 50 0 65 0 
Quince (Fall Orange).. 15 35 0 80 0 
Raspberry .,...-...... 0 0 5 ) 0 


[a a A SE 9 TS 
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Copper chloride possesses some value as a fungicide. It can not be 
used alone, however, without injuring foliage, and lime must be added 
to destroy its caustic properties. It is probable that two or three 
ounces in twenty-five gallons of water is sufficiently strong to give 
good results. When used at the rate of an ounce to twenty-five 
gallons of water it reduced the injury from fungi 50 per cent upon 
the dewberries, and 35 per cent on the quinces. When used 
twice as strong the injury was reduced 75 per cent and 80 per cent 
respectively. At the same time the foliage was uninjured by 
the application, even though London purple had been added. These 
results are encouraging for if a fungicide can be found which will 
equal the Bordeaux mixture, and still be easy of application, much of 
the trouble which now accompanies spraying will be avoided. 

Copper chloride can not be used as a fungicide to advantage unless. 
the solution is so strong that lime is required to neutralize its caustic 
action. On the whole it is a promising fungicide. 

No. 3.— Iron Chloride.— The chloride of iron was applied to the 
same varieties of plants mentioned under No.1. The following is 


the formula used: 
Iron chloride, 38 ounces. 


London purple, 14 ounces. 
Lime, 1 pound. 
Water, 25 gallons. 

The beneficial action of this chemical was so slight that no definite 
improvement in the foliage could be seen. The quinces were 
apparently not benefited, but upon the dewberries the leaves of the 
sprayed piant seemed to be a trifle more free from fungous attack than 
the check plants. The combination possessed no caustic properties. 

The experiments of the past season show no practical benefit derived 
from applications of iron chloride. 

No. 4.— Zine chloride.— This chemical was applied both alone and 
with lime and London purple. 

(a) Zine chloride, 1 ounce. 
Water, 25 gallons. 

(b) Zine chloride, 3 ounces. 
London purple, 14 ounces. 
Lime, 1 pound. 
Water, 25 gallons. 

Formula (a) was used for the first four treatments, the last two con- 
taining three ounces of the chloride instead of but one. The same 
varieties of plants mentioned under No. 3 were used, except that the 
apple tree was a Westfield Seek-no-further. 
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No beneficial results seemed to follow the use of formula (a), possibly 
from the fact that the solution was at first too weak. None of the 
foilage was injured. 

Formula (b) gave little better results. The quince and dewberry 
plants seemed to have healthier foliage where they were sprayed, but 
injury from fungi was scarcely reduced more than 25 per cent 
at the most. 

Zine chloride, when used according to the formulas given above, is 
not a fungicide which can be applied with profit. 

No. 5.— Zine sulphate.— The following formulas were used: 

(a) Zine sulphate, 3 ounces. 
' Water, 25 gallons. 

(b) Zinc sulphate. 3 ounces 
London purple, 14 ounces. 
Lime, 1 pound. 
Water, 25 gallons. 

The varieties of plants treated were the same as the preceding, but 
the apples used were McIntosh Red. ‘The advantages derived from 
the applications were so slight as to be practically of no value. 
It is probable that greater quantities of the sulphate are necessary. 
None of the foilage was injured. 

Zinc sulphate has thus far proved of no neeaieal value as a fungicide. 

No. 6.— Lead acetate—— The formulas according to which this 
material was used were similar to the preceding. 


(a) Lead acetate, 3 ounces. 
Water 25 gallons. 

(b) Lead acetate, 3 ounces. 
London purple, 14 ounces. 
Lime, 1 pound. 
Water, 25 gallons. 


In this variety of apple was Maiden Blush for formula (a), and Ben 
Davis for formula (b). The other varieties were the same as those 
previously mentioned. No marked results followed the treatments. 

Lead acetate did not materiatly reduce the injury done by fungi to 
the foilage of the treated plants. 

No. 7.— Fostite.— Analysis of this power made by Mr. Cavanaugh, the 
assistant Station chemist, shows it to contain about 2 per cent of cop- 
per, but the form in which it is found has not yet been determined. 
The bulk of the powder is composed of soapstone, or steatite, which 
certainly has the power of adhering to foilage a long time, especially if 
it is applied while wet. It is the intention to give a complete analysis 
of the substance in the near future. 
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Fostile was applied in dry form, and also in water. In the former 
case Joosten’s magazine bellows was used, and the distribution was 
made as even as possible. When mixed with water it was used as 


follows: 
Fostite, 8 ounces. 


Water, 2 gallons. 


Two applications were made according to the above formula, but 
the remaining four treatments were made with a mixture one-half as 
strong. ‘The following table shows the results: 


=i SPRAYED. 

© & 

se 

Pa DRY FORM. IN WATER. 

PLANTS USED. ge : 

oH ; 

2 e Per cent Per cent Per cent Fer eet 

a reduction |injury from reduction fr Po pies 

z a offungi. |application.| of fungi. plication. 
Apple (Ewalt) ...... ered 5 25 0 20 25 
PSIEPCHOOITY, 1 22). Yo os bo hana te 0 0 0 0 15 
BOO OTIV ails sc \5 fon! wRE 20 60 0 25 0 
SSUUSSS) 079 9 ial ar Ar 10 25 0 40 15 
Quince (Rea’s Mammoth). 15 75 0 75 0 
ERASPDELEY \ 6 oss vets a.s cielo 0 0 0 0 0 


This table shows that fostite possesses marked fungicidal properties. 
The quinces show the greatest difference between the treated and 
untreated parts, the injury from fungi being reduced about 75 per 
cent; dewberries were also benefitted, and to a less extent gooseber- 
ries and apples. When the powder was used in the dry form appar- 
ently no injury was done to foilage of any kind. But when it was 
mixed with water, apples, blackberries and dewberries were more or 
less burned. This injury was in no case very serious, although it is 
undesirable. 

In addition to the plants above mentioned, fostite was also tested 
upon roses, forcing cucumbers, and forcing musk melons. 

During August the roses of Mr. Arthur Boole, of Ithaca, were 
severely attacked by the common white mildew ( Sphwrotheca pannosa). 
Fostite was applied to about 500 plants consisting of Bride and Mermet 
roses. 

The powder was first applied August 14 and daily applications were 
made, so that soon all the older leaves were more or less discolored. This 
treatment was continued until August 26. During this time the plants 
were growing rapidly and new foliage was quickly formed. In spite of 
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the powder the young rose leaves were attacked to such an extent that 
it was doubtful if any beneficial results followed the applications. It 
was Mr. Boole’s opinion, after using fostite during the period men- 
tioned, that the benefits derived did not pay for the material and the 
labor of applying, for the young leaves showed spots of mildew almost 
as soon as they unfolded. This result may be partially explained by 
the fact that young rose leaves do not as a rule assume such a horizon- 
tal position as do the old ones; they have a wilted appearance. ‘Their 
surfaces also seem to be more smooth and glossy. It is very probable 
that the powder failed to adhere to the young leaves, and these were 
then open to the attacks of the mildew. In this trial the time was 
short but the roses were growing so rapidly that the fungicide had a 
fair chance to protect the young foliage. 

Another experiment upon roses was carried on in the rose-house of 
this station. About twenty-five of the leading market varieties of tea 
roses were under treatment. When the plants were set in the house 
some of them showed considerable amounts of mildew, but most of the 
varieties were free from the disease. Fostite was immediately applied 
and the foliage was treated every other day. The powder could be 
seen very plainly upon the older leaves. When the plants started into 
growth the condition of the new foliage was watched’ with interest. 
Mildew appeared upon the young growth to a considerable extent; and 
although applications were continued for about four weeks no decrease 
in the amount of mildew could be observed. In neither of these experi- 
ments was any distinct injury from the use of fostite noticed. . 

During the past summer acrop of cucumbers was grown under glass. 
The varieties grown were Telegraph, Sion House, Duke of Edinburgh, 
Blane Hatif, and WhiteSpine. In July, mildew ( Ocdium erysiphoides 
var. Cucurbitarum ) was observed upon some of the foliage, but 
especially upon Blanc Hatif and Telegraph leaves. The house was 
shut up, the plants syringed, and fostite applied by means of a bellows. 
The amount applied was supposed to be ample but not excessive. No 
apparent injury following this treatment, it was repeated in a few days. 
Three days later some of the leaves showed signs of injury and soon all 
the foliage showed a greater or less amount of scorching. No further 
applications were made. 

In order to test more carefully the exact amount of injury done to 
the foliage of cucurbitaceous plants. Individual plants of forcing 
musk-melons were dusted by means of a can having a perforated cover. 
The varieties treated were particularly adapted to forcing and were as 

follows: Melon de Malte, Brodé de Malte, Brodé d’ Antibes blanc 
Brodé olive, Brodé vert. The apylicaticns wae made abcut Octcker 
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1, upon young plants which were growing vigorously. Enough of the 
powder was used so that it could be plainly seen; the plants were wet 
at the time. Two days later some signs of injury were observed, and 
this continued to increase to such an extent that some of the treated 
leaves were killed, and one plant died. Some of the other plants show 
the effects of the application to this date, November 20. 

The insectieidal value of fostite was tested on a small scale by W. J. 
McNeil, a student doing advanced work in entomology. He dusted 
thoroughly some chrysanthemum plants which were infested with plant 
lice, distributing the powder carefully over the entire plant. In addition 
to this, some of the lice were removed from the plant, and rolled about 
in the powder. They were then placed upon a plant which contained 
none of the pest. The day following these operations the lice were 
examined collectively and individually, and no trace of injury was 
shown by any of them. 3 

Fostite possesses some fungicidal value. This was most clearly 
shown by Rea’s Mammoth quince, Lucretia dewberry, Ewalt and King 
_apples. 

It must be applied with caution as the leaves of apples, blackberries, 
dewberries, forcing cucumbers, and forcing musk-melons have been 
injured by its use. 

When dry, it possesses no value as an insecticide which kills by 
contact. 

No. 8.— Boron compounds.— 


(a) Borax, 2 ounces. 

Water, 2 gallons. 

(b) Borax, 2 ounces. 
Lime, 4 ounce. 

_ Water, 2 gallons. 
(c) Boracic acid, 2 ounces. 
Lime, + ounce.- 

Water, 2 gallons. 


These formulas were used in making solutions, which were 
applied to the same plants mentioned under No. 7. In no case 
could any decided benefit which was due to the application be found 
nor were the plants particularly injured. 

Neither borax nor boracic acid appear to possess any fungicidal 
value. 

No. 9.— Iodine.— The use of this material for fungicidal purposes 
was suggested by a correspondent. Some of it was also sent us. A 
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watery solution of the iodide of potassium was used for dissolving the 
iodine crystals, and this solution was so diluted with water that it 
resembled weak black tea in color. ‘The proportions used were : 


Iodine solution, 1 pint. 
Water 2 gallons. 


All the plants to which this solution was applied were injured by it, 
the quinces probably more than any of the others. Fully 25 per cent. 
of the quince leaves were burned. This injury to the foliage obscured 
the fungicidal action of the iodine; and although it was thought that 
some advantage had been gained from its use upon dewberries and 
quinces, still further trial is necessary to determine its value in this 
respect. 

The application of dissolved iodine crystals is unsafe and it is of 
doubtful value. 

No. 10.— Nitrate of soda.— This substance was suggested by Joseph 
Harris. It was applied in solution. 


Soda nitrate, 2 ounces: 
Water, 2 gallons. 


Applications were made to the same plants mentioned under No. 7, 
but the variety of apple here used was the Baldwin.’ All the plants 
were injured. Fully 20 per cent of the Baldwin leaves were affected, 
and 10 per cent of the quince foliage. ‘ihe other plants suffered but 
slightly. No reduction in the amount of fungous injury could be 
noticed followifig these applications. 

Nitrate of soda when applied in water has a caustic action upon 
foliage and possesses apparently no fungicidal properties. 

No. 11.— Caustic potash.— During the month of May, 1892, Mr. 
W. C, Archibald of Wolfsville, Nova Scotia, sprayed a large number 
of apple, peach and plum trees with a solution of “rock or caustic 
potash, diluted to about the proportion of 1 pound to 2 gallons of 
water.” The buds on the trees had not yet burst although they were 
swollen. Regarding the result, Mr. Archibald writes: “ By accurate 
observation my plums and apples, where the potash was so used on the 
buds, are pronounced one-eighth larger than those borne in previous 
years.” 

As tested at this station during the past season, caustic potash was 
used in the form of sticks obtained from’a druggist. It was used as 


follows: 
Caustic potash, 4 ounce. 


Water, 2 gallons. 
38 


: 
’ 


298 AgcricutturRAL Exprrriment Station, Itpaca, N. Y. 


The potash dissolves readily in water and the solution was applied 
to the varieties of plants mentioned under No. 7. The application 
appeared to reduced the amount of leaf-spot on the quince about 30 
per cent and the dewberries were protected from about 25 per cent of 
the injury visible on the check plants. The other plants which were 
sprayed showed no effects of the application. No foliage was injured. 

Caustic potash may have some fungicidal value. 

No. 11.— Pine products.— In April, 1892, we received from 8. L. 
Goodale, of Saco, Maine, some abretic acid, and some kreolin, two sub- 
stances derived from pines. As the amounts received were small the 
following formulas do not include so much of the materials as might 
be desired. Two ounces of kreolin were dissolved in one pint of water. 


(a) Abretic acid solution, 1 tablespoonful. 


Water, 1 gallon. 
(b) Kreolin solution, 2 tablespoonfuls. 
: Water, 1 gallon. 


None of the treated plants, these being the same as those mentioned 
under No. 7, showed any effects of the application. No foliage was 
injured, and fungi were as abundant as upon the check plants. 

The application of pine products appeared to be without effect. 

No. 12.— Antinonnin.— This substance is sold as an insecticide and 
was sent us by the manufacturers, Friedr, Beyer & Co., of Elberfeld, 
Germany. It is said that this compound was discovered by Prof. O. 
Harz and W. von Miller, of Munich, Germany. Antinonnin is a solid 
having about the same consistency as fresh cheese. It is bright golden- 
yellow in color, very easily soluble in water, and when dry is highly 
explosive. Consequently it must be kept in a moist place for if fire 
reaches it when once dry it will ignite almost as readily as gunpowder 
and it burns very much in the same manner. The station chemist has 
not yet completed its analysis, but it is supposed to be an organic 
compound. It was used at the rate of 


(a) Antinonnin, + ounce. 


Water, 1 gallon. 
(b) Antinonnin, + ounce. 
Lime, + ounce. 
Water, 1 gallon. 


The applications were made to Longfield apple trees, Champion 
quince, and to the same varieties of plants mentioned in addition under 
No. 7. After the first application it was immediately seen that the 
above formulas gave a too concentrated solution, so the same amount of 
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the insecticide was used in two gallons of water. Even when thus 
diluted, formula (a) did considerable damage, destroying from 35 to 75 
per cent of the foliage to which it was applied; its use was discon- 
tinued. Six applications were made of the solution containing lime. 
This still possessed caustic properties, but the injury done was not 
serious. Apple and quince foliage suffered most, the injury amounting 
to perhaps 10 per cent. The other plants appeared to be unaffected. 

The introducers of antinonnin claim that it is of value in destroying 
both leaf-eating and sucking insects. The quince tree to which the , 
material was applied was badly infested with the common green plant 
louse. After the applications the number of insects was not visibly 
reduced. The poison would not adhere to their bodies but the drops 
rolled away and the insects were ee Its effect upon chewing 
insects was not tested. 

Antinonnin must be kept moist else it becomes a dangerous substance 
to handle. 

Its action upon foliage when used alone is extremely caustic, and its 
solution must be applied weak. 

Lime reduces the caustic action of this poison. 

It possesses apparently no practical value as a destroyer of sucking 
insects. 

SUMMARY. 

1. Pumps used in spraying orchards must have a large capacity in 
order to be economical of labor. (Pages 266, 267.) 

2. Automatic agitators have not given satisfactory results. (Page 
267.) 

3. That spraying lay be facilitated, the trees in an orchard should 
be planted far enough apart to allow of the passage of a wagon when 
the orchard is in full bearing. (Page 268.) 

4, The amount of liquid required to spray a full grown apple tree is 
about four gallons. (Page 268.) 

5. The number of applications necessary to protect apples from the 
scab fungus can not be definitely stated. As arule, it may be said that 
a fungicide should be applied at least once before the trees blossom, 
and two applications are necessary after the falling of the blossoms, 
upon those varieties which are habitually injured by scab to any serious 
extent. Upon many susceptible varieties, one or two additional treat- 
ments are advisable. Only one or two applications may be applied 
with profit to resistant varieties. (Pages 274, 275.) 

6. The advisability of making more than one or two applications of 

fungicide to Baldwin and Fallawater apples is doubtful. King, Maiden 
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Blush, and Fall Pipin apples will repay, four and possibly six applica- 
tions. Red Astrachan can also be profitably treated three times. 
(Pages 275, 276.) 

7. Bordeaux mixture proved to be by far the most effective fungi- 
cide of those used. Following the Bordeaux in the order of their 
value are, the ammoniacal solution of copper carbonate, Paris green, 
fostite. (Page 277.) 

No preference can be given Paris green or London purple in regard 
to their insecticidal value, provided they contain an equal amount of 
arsenic. (Page 281.) 

9. Two applications of the arsenites are sufficient to control the 
ravages of the first brood of codlin moth larve. The financial gain 
derived from later application may be doubtful. (Page 281.) 

10. The arsenites and the fungicides used in the apple orchard appear 
to be equally effective whether applied alone or in combination. (Page. 
281.) 

11. Paris green and London purple, if applied more than once or 
twice to foliage, may do serious damage unless their caustic action is 
neutralized. (Page 281.) 

12. Lime greatly reduced the caustic action of Paris green. (Page 
281.) 

13. The foliage of varieties of apples susceptible to the attacks 
of apple scab was kept in a healthy condition by applications of 
fungicides. (Page 282.) 

14, The size of Fall Pippin apples was practically doubled by pro- 
tecting them from the attacks of the apple scab fungus. ( Page 283.) 

15. The use of fungicides may intensify the color of apples. ( Page 
282.) 

16. The keeping qualities of Fall Pippin and Maiden Blush apples 
were apparently greatly augmented by the applications of Bordeaux 
mixture which were made to reduce injury from scab. (Page 283.) 

17. The market value of sprayed apples was increased at least $1.00 
per barrel by the applications made during this season, (Page 284.) 


18. Bordeaux mixture, when applied to peach trees alone, or in com- 
bination with London purple, did not injure the foliage. (Page 288.) 

13. The ammoniacal carbonate of copper is very injurious to peach 
foliage, but the solution may be rendered less caustic by adding lime. 
The addition of Paris green can then also be made with comparative 
safety. (Page 288.) 
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20. Neither Paris green nor London purple should be used upon 
peach trees unless the mixtures are very dilute, or lime is added to 
neutralize the caustic action of the arsenites. (Page 288.) 

21. Fostite gave only negative results when applied to peach foliage. 
( Page 288.) 


22. The Bordeaux mixture,when properly applied, practically protects 
the foliage of apples, quinces, dewperries, raspberries, blackberries, and 
gooseberries from fungous attack. (Page 291.) 

23. Copper chloride can be used as a fungicide to advantage when 
the solution is so strong that lime is required to neutralize its caustic 
action. On the whole, it is a promising fungicide. (Page 292.) 

24. The experiences of the past season show no practical benefits 
arising from applications of iron chloride. (Page 292.) 

"25. Zinc chloride, as used the past season, cannot be applied with 
profit as a fungicide. (Page 293.) 

26. Zine sulphate has thus far proved of no practical value as a 
fungicide. ( Page 293.) 

27. Fostite contains about two per cent of copper. (Page 293.) 

28. Fostite possesses some fungicidal value, but its application to 
trees is difficult and the beneficial action so moderate that it cannot be 
generally recommended. (Pages 277, 294.) 

29. Fostite has proved injurious to the foliage of apples, blackberries, 
dewberries, forcing cucumbers and forcing musk-melons. ( Pages 294, 
295, 296.) 

30. When dry, fostite possesses no value as an insecticide which kills 
by contact. (Page 296.) 

31. Neither borax, nor boracic acid and lime appear to possess any 
fungicidal value. (Page 296.) 

32. The application to the foliage of dissolved iodine crystals is 
unsafe and of doubtful value. ( Page 297.) 

33. Nitrate of soda, when applied in water, has a caustic action upon 
foliage, and it possesses apparently no fungicidal properties. (Page 
297.) 

34. Caustic potash may have some fungicidal value. ( Page 298.) 

35. Abretic acid, and also kreolin, were applied for fungicidal pur- 
poses but no beneficial results followed their use. (Page 298.) 

36. Antinonnin must be kept moist, else it becomes a dangerous sub- 
stance to handle. (Page 299.) 


302 Acricurruga Experiment Statiox, Irnaca, N. Y. 


37. The action of antinonnin upon foliage, when used alone, is 
extremely caustic, and the solution must be applied very dilute. (Page 
299.) 

38. Lime reduces the caustic action of antinonnin. (Page 299.) 

39. Antinonnin possesses no practical value for destroying insects 
by contact. (Page 299.) 

40. On the whole, therefore, 1 recommend that growers adhere to 
Bordeaux mixture in combatting fungi; or ammoniacal carbonate of 
copper may be used as a second choice, in case the Bordeaux cannot 
be applied with facility. Paris green and London purple are still the 
best general insecticides; and the greater value seems, in general, to 


reside in the Paris green. 
E. D. LODEMAN. 


Cornell University Agricultural Experiment Station. 


ALL DIVISIONS, 


BULLETIN 61—DECEMBER, 1893. 


a 


SUNDRY INVESTIGATIONS OF THE YEAR. 


ORGANIZATION. 


Board of Control.—The Trustees of the University. 


STATION COUNCIL. 
President — JACOB GOULD SHERMAN. 


fem eae i.” VW EOL Wits, ecm ute ars Trustee of the University. 
Hon. JOHN B. DUTCHER.... President State Agricultural Society. 
on sci Se G5 2 On 07 As Beaver ol Professor of Agriculture. 
rr AA) WW NT 5's ssp inlets hele aterm Professor of Chemistry. 
[se 50014] cbfs a BP ARS 2 ay Be AP Professor of Veterinary Science. 
es Ee BIN PISS.2; 52 2 ft ee SAP easton ch Professor of Botany. 
Peete MOM OC W'S. a Seva saeeveiena Professor of Entomology. 
LLG Tee 67 TO Sp Ga Retr Saree Le Professor of Horticulture. 
ISSR S WW EN Greys roe pease Assistant Projessor of Dairy Husbanury. 


G. F. ATKINSON.... Assistant Professor of Cryptogamic Botany. 
OFFICERS OF THE STATION. 


Lie fea nO) 33107 oo Wh Meee ALP ee Se wee ie fo, Ae Mee ie | Directo. 
INVER May EA * WRI Ge oN Soha tvs nich tse Deputy Director and Secretary. 
Bb. WELLL AMSA. SIP. VS Brine BIRR ee rates wikis Treasurer. 
ASSISTANTS. 
TE AV Ge caLIN Goes NI a eaten ie pera ere ete benehace eae Entomology. 
EOC W ASSO Ge 5-5. taker eictar diareeha ate, shel ofan enetanarercs oc Agriculture. 
CE  COAV-A INA Go Sine ow Sn aces ese Seer eties tele Chemistry. 
Beers LO DE MEAN ost ane/alg eal @ steeper aie ee ote Horticulture. 


Offices of the Director and Deputy Director, 20 Morrill hall. 
Those desiring this Bulletin sent to friends will please send us the 
names of the parties. 


BuLLETINS OF 1893. 


50. The Bud Moth. 

51. Four New Types of Fruits. 

52. Cost of Milk Production.— Variation in Individual Cows. 
53. Qidema of the Tomato. 

54. Dehorning. 

55 Greenhouse Notes. 

56. The Production of Manure. 

57. Raspberries and Blackberries. 

58. Four-Lined Leaf-Bug. 

59. Does Mulching Retard the Maturity of Fruits ? 
60. The Spraying of Orchards. 

61. Sundry Investigations of the Year. 


Botanical Division 


CRYPTOGAMIC BOTANY AND PLANT PATHOLOGY. 
GQEDEMA OF APPLE TREES. 


During the month of July specimens of diseased apple twigs were 
received from Mr. KE. A. Crow, of New York city. The soft outer 
tissue of the limbs was in a state of decay and occupied by a fungus, 
some species of Pusarium, which resembled / arcuatum B. & C., 
which was described from the bark of Pirus malus in South Carolina. 
Mr. Crow had supposed this fungus to be the cause of the trouble, and 
had tried the use of the Bordeaux mixture after having scraped off the 
bark from the diseased places. Since so many of the species of the 
genus Pusarium grow only in tissues which have been injured by some 
other agent, and all of the material which was first received was in 
such an advanced state of decay, I requested Mr. Crow to send me 
some fresh specimens which would represent the entire progress of the 
trouble from its inception. From this material, which was received in 
good condition, the external peculiarities of the disease may be 
described as follows: 

Minute elevations appear on the surface of the branches or trunks, 
which gradually increase in size from one-eighth to one-fourth of an 
inch long and nearly as wide. They are usually quite close together 
and frequently by increase in size, become confluent when a large num- 
ber extend over quite a large surface and appear as one of very irregu- 
lar form. These elevations present the appearance of blisters, and 
they are well shown in figure 1, which is from a photograph of three 
of the specimens received. ‘Two of them show the appearance of the 
twigs when the blisters are most prominent, while one of them shows 
the coliapsed condition of the tissues which always results after the 
tissues are broken down from decay. 

Microscopic sections through the parts of the twigs where the 
trouble is recent, shows that no fungus is present, and in fact there is 
no ground for the casual connection of any parasitic organism. Imme- 
diately beneath the periderm the young phellogen tissues at the points 
of the blisters is seen to be very greatly elongated radially. This 

39 


306 A@RiIcuLTURAL Exprrment Station, Iraaca, N. Y. 


radial elongation of the phellogen causes the periderm to be raised in 
the form of a blister. Beside the radial elongation of the phellogen 
cells they are also very much distended. This distension continues 
until the cell walls are no longer able to stretch because they become 
so thin that they break and the cells collapse. This collapse of the 
phellogen cells causes the collapse of the blisters and in drying these 
affected areas are depressed below the normal surface of the twig. 
Also the dying tissue forms a nidus for such saprophytic fungi as the 
Fusarium which was in many cases present. The dropseal swelling of 
the tissues is of the same nature as that which occurs sometimes with - 
tomatoes when grown under conditions which favor rapid and con- 
tinuous root absorption and at the same time hinder transpiration, or 
growth. A thorough study of this trouble with the tomato was 
made last winter by the author and published in bulletin No. 55, May, 
1893, of the Cornell Station. To this the reader is referred for a full 
discussion of the unequal operation of the physiological laws which 
induce the trouble, and for the bibliography. 

In the case of the tomato «edema the unequal operation of the 
physiological laws was due to certain unfavorable conditions of 
greenhouse lighting and heating. This would not apply to the 
case of the apple trees which were grown out doors. But since 
the trouble was like in kind, the cause would probably be found 
in some condition of soil, cultivation, or pruning of the trees, 
which would favor root absorption and hinder transpiration, or 
growth, at a sufficient number of points on the tree to take charge 
of all the water which the roots absorbed. Inquiry of the owner 
developed the fact that the soil in the young orchard was very 
fertile and well worked, and that the conditions, so far as soil was 
concerned, were very favorable for rapid root absorption and 
growth. In fact the trees grew very luxuriantly and were the 
marvel of the neighborhood. But during the winter and early 
spring they were very severely pruned. According to the owner 
they were pruned very close, leaving only the main limbs and twigs 
and a few secondaries, and the new growth was cut back one-third. 
This left but few growing points. When root absorption and growth 
began in the spring, there being no leaves to discharge the excess of 
water through transpiration, the few growing points could not dispose 
of the excess. Consequently the thin-walled phellogen tissue could not 
stand the strain. Figure 2 represents a portion of a cross section of 
one of the blisters; a, periderm; 0, phellogen; ¢, inner layer of cells 
developed from phellogen; d, bast fibers; e, cambium; 7, medullary 
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rays. Scale—1mm.; object magnified 10 times more than the scale. 
Drawn with aid of camera lucida. 

The cause being known the remedy would be suggested to all, that 
too vigorous growth should be guarded against and too severe pruning 
should not be indulged in. 

GEO. F. ATKINSON. 


ARTIFICIAL CULTURES OF MELANCONIUM FULIGINEUM. 


The suggestion made by Miss Southworth* that the Melanconium 
Suligineuwm (Scrib. et. Viala) Cav., should be placed in the same genus 
with the Ripe Rot of grapes and apples (Gloeosporium fructigineum, 
Berk.) led me to make artificial cultures of the fungus for the sake of 
comparison with cultures of the genus Gloeosporiwm of the same type 
as the fructigenwm. Material was obtained from Mr. F. 8S. Earle of 
Ocean Springs, Miss, who was kind enough to take the trouble to collect 
some fallen grapes during the month of February, 1893, from a vineyard 
which had been affected with the fungus the previous season. A few 
of these grapes possessed numerous pustules characteristic of Melan- 
conium fuligineum and which were filled with spores. With these 
dilution cultures were started in -Petrie dishes using ordinary nutri- 
ent agar. 

In 24 hours the spores were germinating. One to several germ 
tubes may arise from the spore, usually several. The spores remain 
continuous, and at first the threads develop septa scantily or indistinctly. 
The hyphae soon branch and usually profusely quite close to the spore, 
so that a rudimentary stroma appears to be developed quite near the 
center of growth. The spores germinate quite readily in the nutrient 
agar and growth continues readily for a few days, but no spores were 
developed in the plate cultures even after a period of three weeks. 
Even after the first few days the fungus no longer grew vigorously. 
The nutrient agar did not supply the needed kind of nourishment for 
it, or lacked favorable physical properties. 

A few of the colonies of the threads known to have siiotanne from 
spores of the Malanconium fuligineum were transplanted to culture tubes 
of nutrient agar, but in a month’s time seemed to make no growth or 
but very little. At the same time several calonies were transplanted to 
sterilized bean stems in culture tubes. This medium proved to be very 
favorable for the organis n, for inafew daysa profuse growth appeared 


* Journal Mycology, Vol, VI., No. 4, 1891, p. 171. 
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at the point of the transplantings. The threads of the fungus grew 
both within the tissues and upon the surface of the stems. In macro- 
scopic appearance the surface growth first formed a scant downy, 
whitish weft with a number of ascending and procumbent threads at 
the advancing edge of the weft. From the center of growth this was 
soon succeeded by a darkening of the fungus, brought about chiefly by 

_ the discoloration of the threads lying close to the substratum, and the 
appearance of stroma or stools scattered over the surface which gave 
the stem a punctiform appearance. This growth spread until the entire 
surface of the stems so far as the moisture extended presented a 
blackened or charred aspect, studded with numerous black points. 
The fungus also grows out upon and in the infusion in which the stems 
are partly immersed, and in time form a thick weft. 

The elevated stools when magnified simulate in form a pezizoid 
stroma, being attached to the substratum by a very short stem, and 
presenting a plane or convex surface, their perpendicular diameter 
being less than their horizontal diameter. These stools perform the 
same function in the artificial cultures that the pustules on the berries 
do, and produce myriads of fuliginous navicular spores. The superfi- 
cial position of the fruiting stroma is probably due to the difference in 
the substratum. Sometimes the speres are borne upon the surface of 
the dark stroma, or very frequently the stroma formsapseudo-pycnidium 
covered with loose threads some of which bear spores, but the center is 
occupied by a hymenium from which numerous basidia converge 
toward the center of the cavity and bear multitudes of the character- 
istic spores, as shown in figures 1 and 2. When the stroma attains 
some size there may be several cavities at different relative depths. 

When the cultures in the Petrie dishes were about one month old 
the plates were photographed and plate No. 3 is reproduced in figure 3. 
Since this was a dilution culture for the separation of the fungus the 
culture is a mixed one and other colonies than those of the Welanconium 
Suliginewm appear in the plate. Up to this time in the agar the colonies 
remain colorless. The growth in dilution culture No. 3 where the 
fungus had more room did not exceed 1 cm. in diameter, and while the 
growth was not quite compact, radiating threads are shown on the 
margin of the colony. Inthe photograph the colonies of Melanconium 
JSuligineum are those of the medium size and the places from which the 
transplantings were made can readily be seen. In the illustration 
beside the Melanconium are common moulds, bacteria, and a dark yeast 
form which produces deep black points in the medium. 

Compared with cultures of the type of Gloeosporiwn fructigenum 
which has fallen into my hands, the Melanconium fuliginewm 


en 
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seems to be generally distinct as shown by the characters of 
germination, the growth in the agar plate, and the characters of 
fructification on a more solid artificial substratum like sterilized bean 
stems. <A full comparison it does. not now seem best to make, resery- 
ing it for the study of the Gloeosporiums which are now in progress. 
Figures 1 and 2 drawn with aid of camera lucida; seale—1 mm.; 
object magnified 30 times more than scale. 


GEO. F. ATKINSON. 


POWDERY MILDEW OF CRUCIFERS. 


A powdery mildew of certain cultivated cruciferous plants is probably 
of common occurrence in America, but thus far it does not seem to have 
attracted much attention. This may be because it is not very injuri- 
ous. At present this mildew is known only in the conidial stage, on 
crucifers, and I do not remember ever seeing any reference to its occur- 


ence on these plants in the United States. It frequently becomes very 


injurious to turnips in England where it has been known for some time. 
W. G. Smith records it in his little book: “ Diseases of Field and 
Garden Crops” under the name of Oidiwm balsamii, Mont. 

Oidium is a form genus which includes several species that are known 
to be the conidial stages of some pyrenomycetous fungus especially of 
the group Erysiphee. According to Saccardo several of the micro- 
sporous species are probably more properly referable to the genera 
Ovularia and Ramularia.* Several of the larger species of Oidium 
have already been correllated with their ascosporous form. 

Oidium balsamii, Mont. was named from specimens of the mildew 
on Verbascum montanum collected at Milan by Balsamo and referred 
by him to Oidium tuckeri. Berkeley + first published the species using 
Montagne’s manuscript name, and recorded its occurrence in England 
on Verbascum nigrum, and also to this species referred the mildew 
which was at one time abundant and injurious upon the Culhill’s Black 
Prince Strawberry in the Kew Gardens.{ In 1880 it appeared in 
abundance in England on turnips §.for the first time though it had been 
observed there before that time. 

During the autumn of 1893 the present writer observed it on turnips, 
Japanese cabbage and Scotch green curled kale at Ithaca, N. Y., and 
in the autumn of 1889 at Auburn, Ala., upon ruta bagas. 


*See Syll. Fung. Vol. IV, p. 41. +Amnn. Nat. Hist., Vol. XIII, 1854, p. 463. 
¢Gard. Chron. Apr. 15, 1854, p. 263. §Gard. Chron. XIV, 1880, p. 392. 
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The turnips did not seem to be very much injured though in several 
cases large areas of the surface of the leaves were white with the mil-— 
dew. In many cases the Scotch kale leaves were completely covered 
on both surfaces with the growth, and in such cases must produce con- 
siderable injury. The Japanese cabbage which was affected was going 
to “seed,” and not only were the leaves affected but several of the 
fruiting stems were completely covered by the fungus. Several 
Erysiphe which fruit shyly on the leaves of their hosts frequently do 
so abundantly on the stems and it was hoped that in this case the per- 
fect form of this Oidium might be obtained, but thus far no sign of the 
ascosporous stage has been seen. It would be difficult to properly cor- 
rellate the form without the evidence to be derived from this stage, but 
there is some evidence to be gained which at least suggests relationship 
to some species. As I have found, the haustcria on the mycelium are 
lobed, It is quite possible that the form is ultimately to be referred to 
some of the species of the genus Erysiphe. As DeBary* has pointed 
out, the haustoria on the mycelium of Hrysiphe galeopsidis are 
lobed and this character is useful in differentiating this species from 
Erysiphe cichoracearum. No species of Hrysiphew have as yet been 
recorded upon any of the cruciferous family. If the Oidium on tur- 
nips has been properly referred to the Oidium balsamii on Verbascum 
then there would be some probability at least that this was the conidial 
stage of Hrysiphe galeopsidis, since that species has been found upon a 
genus of the Scrophulariacew (Chelone). In size and form the Conidia 
of Hrysiphe galeopsidis agree very well with those of the turnip mildew. 
But this evidence can only suggest, not determine, the true relationship. 


GEO. F. ATKINSON. 


*Morp. und. Phys, d. Pilze, III, p. 49. 
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WHEAT CULTURE BY THE JETHRO TULL OR LOIS- 
WEEDON SYSTEM. 


Since to the investigations and practices of Jethro Tull is due more’ 
than to any other cause the superior culture given to roots and grain 
crops in England, it may not be out of place to state briefly the ehief 
points of his system. 

Jethro Tull, an English landlord educated for the bar, visited Italy 
and the South of France at the close of the sixteenth century in order 
to regain his health. In these countries he learned that many succes- 
sive crops were taken from the land without any apparent diminution 
of yield. He says, “ Vines kept'in the condition of low shrubs are 
constantly plowed (cultivated) in the proper season ; these have no 
other assistants, but by hoeing, because their heads and roots are so 
near together that dung would spoil the taste of wine they produced, 
in hot countries.” 

From what he had seen and learned during his visits he conceived 
the following propositions: 

1. “That interculture among the growing crops is a necessary prepar- 
ation in well conducted farming.” 

2. “That adequate tillage is not only an economic substitute for 
manure, but ” 

3. “Thorough tillage is also competent, with or without the aid of 
manure, to secure the profitable growth of any given species of culti- 
vated plants, year after year, in succession.” He began to raise wheat 
much as we raise corn, in drills, with intervals wide enough for the 
passage of the horse hoe. The rows of each succeeding crop of wheat 
were planted in what had been intervals the year before. 

Up to the time of his death, in 1741, he had grown thirteen unman- 
ured wheat crops without intermission, and without decrease, in the 
same ground. In the latter years of his practice he frequently grew a 
hundred acres of wheat in one season by his improved method of horse 
hoeing. 

Rev. Samuel Smith adopted Tull’s plan with some improvements and 
modifications at Lois-Weedon, Northamptonshire. He was extremely 
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successful and hence the system of horse hoe culture for wheat and 
other similar grains is often known as the Lois-Weedon system. 

Smith succeeded in growing twelve successive crops of wheat with- 
out the application to the soil of any manure whatsoever, and he 
claimed that no degeneration or diminution of quality ensued. Many 
experiments similiar to those conducted by Smith and Tull have been 
carried on in the United States always with satisfactory results so far 
as the yield was concerned, but with high priced labor, and cheap 
virgin soil it has been found in most cases unprofitable to practice, in 
any large way, the Lois- Weedon system of wheat culture in its entirety. 


LOIS-WEEDON SYSTEM OF AGRICULTURE MODIFIED. 


The experiments were begun in 1874. The previous year the land 
had raised a crop of oats, without manure, and in 1872 and for several 
years previous to that date had been in blue grass pasture. 

The land after removing the oat crop of 1873 was in a bad lumpy 
condition. It was summer fallowed in 1874 and not manured. The 
plots were 20% rods long and the entire area was cut into 8 strips of 
43g, of an acre, each strip being 54 feet wide. 

The first year of the experiment every other strip was drilled to 
wheat, and the intervals cultivated, the following year the treatment 
was alternated; the ones having borne a crop of wheat the previous 
year being under summer fallow. Clawson seed wheat at the rate of 
two bushels per acre was used in ull cases. 


Yield 1st yr., 1874-5, season poor, 158 lbs., at the rate of 10.31 bu. per acre. 


“< 9d “ 1875-6, “ fair, 369% “ 6 35.77 ee 0 
arom wT BRE, yo" Maun e BOaSEs to plaid oh A ta +: 
« 4th “ 1877-8, “ fair, 687 “ - « “ 61.49%  « 


It should be noted that the strips are very narrow, only one width 
of the drill being used, the intermediate spaces between these drilled 
plots were cultivated four or five times each season. 

The effect of using such narrow plots was to allow the wheat to 
virtually occupy the whole land, as the culture between these narrow 
plots was by the common single one-horse cultivator, this permitted 
the roots to extend and feed upon the plots which were left vacant. 
At harvest time the whole area had the appearance of a continuous 
field of wheat, as the heavy heads leaned over into the spaces, and 
shaded and covered the whole: ground. Note that these experiments 
were conducted somewhat differently from those which are reported 
below. 
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No manure or fertilizers of any kind were used during the four 
years of the experiment. If it is allowed that the wheat occupied all 
the ground, the yield would be just half as much per acre as is stated 
above. Even then the yield was large considering the quality of the 
land. Each year as the experiments went on the land became more 
friab'e and in better condition physically than it was at the beginning. 
The wheat was removed from the field as soon as it was cut, and the 
ground plowed the same or the following day. This gave the plots 
which had produced the wheat a short summer fallow from the middle 
of July until fall the same year; a summer fallow from the last of 


May to the first of September the following year. This, as it will be. 
seen, was really “maneuvering” the land, thus causing it to increase 


in production by culture. 

In 1888 a system of experiments similar to those revorded above, 
with additional plots treated with fertilizers and farm manures were 
begun. 

These plots were located in the same field, but not on the same 
ground used in the preceding experiments, upon ground where for 
some seven or eight years experiments had been going on in the culti- 
vation of Indian corn. The plots of Indian- corn were narrow and 
laid lengthwise of the field, so when the field was laid off for conducting 
the experiments in wheat it was seen to be best to lay the plots cross- 
ways of the corn plots, because there had been variable and different 
treatments in the cultivation of the corn. Some plots had received 
nothing, others liberal applications of fertilizers. By laying out the 
plots at right angles to the old ones it at least made them all alike, 
though one portion of the plot might be quite different in fertility 
from another portion. ‘The plots contained one-tenth of an acre each, 
and were separated by strips of grass 33 feet wide. Later the grass 
was plowed up and the unoccupied strips were kept clean throughout 
the summer by frequent cultivations. 

The primary object of the experiment was to show the value of 
superior culture on rather poor clay land, such as is frequently found 
in the wheat districts of New York, and to determine if possible how 
much of the plant food of the land can be secured profitably without 
adding any fertilizers. The fitting of the land for most crops is done 
so badly that it was thought best to not only emphasize the value of 
culture, but to discover if in some part at least, culture might be sub- 
stituted for expensive commercial fertilizers. 


40 
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These being the chief objects of the investigation, it will be neces- 
sary to speak but briefly of the manured and fertilized plots. 

The manured plot received the first year two tons and in all subse- 
quent years one and one-half tons of mixed horse, cow and sheep 
manure, which had been kept in a covered yard during the winter and 
until the last of May, when it was removed to a rotting pit in the open 
field, from whence it was taken in September to the plots and spread on 
the surface of the plowed ground. The manure contained a high per 
cent of nitrogen owing to the liberal use of cotton-seed meal in feed- 
ing the animals. After the first year the wheat had a tendency to 
lodge, which tendency became so bad in the last year of the experi- 
ments that in the fall of 1892 no manure was used. On plot 3, 60 lbs. 
_ of Bradley’s superphosphate were drilled in with the seed in the first 
three years, in the fourth, 60 lbs. of Small’s superphosphate, and in the 
fifth, 15 lbs. of double superphosphate, 15 lbs. of sulphate of potash 
and 10 lbs. of sodium nitrate. Briefly stated, it may be said that the 
plot received annually 45 lbs. of phosphoric acid, 15 lbs. of potash, 
and 15 lbs. of nitrogen per acre. 

Plot 4, which was in wheat without any “rest” by means of a sum- 
mer fallow was plowed, as were all the plots immediately after harvests, 
harrowed, rolled and cultivated, several times, making indeed a short 
‘summer fallow. 

All plots contained one-tenth of an acre each. Two plots were used 
in the Tull or summer fallow system, so a crop was harvested on each 
every other year, while in all other cases a crop was harvested every 
year. 
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CONCLUSION. 


From these and many other similar experiments conducted in 
Europe, it is believed that on strong or clayey lands it is often more 
economical to secure available plant food by culture than by the pur- 
chase of fertility. 

That in strong wheat soils there is more plant food than the variety 
of wheat grown can utilize, though enough may not be available to 
produce a maximum crop. 

That in our changeable climate the wheat plant is so handicapped at 
times for want of suitable climatic conditions, that it is unable to 
appropriate much of the available plant food in the soil and hence is 
often not benefited by additional nourishment. 

That the plants were unable to elaborate more food than the amount 
furnished by the soil under the superior culture. 

That under certain conditions even a moderate amount of manure or 
fertilizers may not only fail to increase the yield but may be positively 
injurious to the crop to which they are applied. 

I. P. ROBERTS. 


CORN — DETASSELING. 


July 14, 1893, three plots were marked out in the University corn 
fields for experiments in detasseling. Plots I and II were side by side 
in a field of well drained gravelly loam and the corn early and uniform- > 
ly good. Plot III was on aclay knoll ina field of late corn that suffered 
severely from the drouth during the latter part of the season. All 
plots were surrounded by corn that had not been detasseled. Plots I 
and II contained sixteen rows each and: plot III nine rows; each row 
contained fifteen hills. In plots I and III the tassels were removed 
from alternate rows, while in plot II every fourth row was left with 
tassels on, that is the tassels were removed from the first three rows, 
left on the fourth, removed from the next three and left on the 
eighth row and so on throughout the remaining rows of the plot. 

The tassels were removed by hand by pulling them out as soon as 
they appeared. This operation was performed quite rapidly as com- 
paratively little force was necessary to cause the stalk to break just 
above the upper joint and without any injury to the leaves whatever, 
if done before the tassels had become fully expanded. From the 
experiments in detasseling made at the station it is thought to be of 
prime importance to completely remove the tassel before it has expanded 


. 
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and commenced to shed pollen. As the tassel at this time is partially 
protected, within the folds of the leaves, it can only be completely 
removed by grasping the top of the tassel and giving it an upward pull 
which causes it to break off as described above. Experiments in detassel_ 
ing have been made at other experiment stations where the practice has 
been to remove the tassels by cutting them off with a corn knife which 
would either cause an injury to the leaves or a delay until the tassels had 
become fully expanded and had shed pollon, as some tassels will shed 
pollen while yet partially protected within the folds of the leaves. In 
either case a benefit ought not to be expected from the practice. 
Our experiments show that the object of removing the tassels is not 
accomplished if they are allowed to remain until fully expanded and 
_become polleniferous. 

The following tables give the results of the practice from each of 

the three plots: 


PLOT I. 
' io a rvitanll ae NON OF | No. of | No. of | Weight | Weight | woignt 
R e asseis. | goo poor 0 ‘00 0) oor 
stalks.) tive" |eo | sard’| Geen | cate. | OF stems 
ears. 

65 20 40 | 28 17.5 5.5 36 

61 13 36 | 14 14/5 4 35 

67 16 29 | 31 13 7.5 38 

6 20 26 | 18 13 5 40 

72 27 30 | 29 14 7.5 38 

80 21 28 | 28 13.5 6 41 
65 17 28 | 28 13 6 32.5 
73 22 25 | 26 10.5 6.5 38.5 

70 17 39 | 12 17 3 34 

69 18 36 | 16 16 4.5 38 

67 19 32 | 29 15 7 38 

66 19 38 «|s17 18 4 39 

68 25 30 | 28 14 7 40 

66 17 29 «| 17 12.5 4 35 
63 21 30 | 23 13.5 7.5 38.5 

82 18 30 | 27 12 5.5 40 

“par | 62 | 258 | 208 | 17 51. | 290 
560 | 148 | 248 | 158 110 | 39.5] 306.5. 
Average off ......| .....00. ~ 67.1; 20.2| 32.2| 2.4 | 14.6| 6.3] 36.26 
Average On ......] ceesseee 70. 18.5 31. 19.75 12,7 4.9 88.31 


Yield per acre, tassels off, 5,000 pounds. 
Yield per acre, tassels on, 4,449 pounds. 
Gain by removing tassels, 12.4 per cent. 
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PLOT II. 


No. of 
No. of | No. of | Weight | Weight 
No. of | abor- Weight 
ROW. Tassels. > good oor | of good | of poor 
stalks.| tive | ors. | Sars Be ears, | of stalks. 
e ears. 

66 25 27 31 12.5 8 39 
61 22 39 17 17.5 5 37.5 
72 18 43 23 18 6.5 89.5 

71 14 84 18 14 4 35 

62 17 36 18 AS 4.5 35 

66 18 45 20 20.5 AD 40 

69 20 83 30 14.5 6.5 39 

72 19 30 26 12 5 33 

73 25 31 31 13 8 41 
75 20 34 83 15 8 46.5 
74 29 36 82 15.5 7 45.5 
60 22 28 19 12.5 4 39.5 

64 20 385 25 15.5 6.5 42 

60 21 87 20 16.5 5 87 

69 23 29 31 13 8.5 42 

61 10 28 24 12.5 4.5 40 

of 811 258 425 811 189 79 4¢4 
Motel ON: sire. 264 65 120 87 51 17.5 147.5. 
Average oOff......] ws... 67.6 21.5 35.4 | 25.7 15.7 6.6 40.8 
AVerage ON ......] weeeeeee 66 16.2 30 21.75 12.7 4.4 37.4 


Yield per acre tassels off, 5,316 pounds. 
Yield per acre tassels on, 4,077 pounds. 
Gain by removing tassels, 30.3 per cent. 


From the accompanying tables it will be seen that in each plot there 
was a greater yield of corn from the detasseled rows than from the 
rows where the tassels were left on. Not only from the total yield of 
corn but also a gain in the weight of both the good and poor ears. 
From each plot the weight of good ears from detasseled rows was 
greater than the weight of good ears from the rows with tassels; the 
same is true concerning the poor ears from each plot. The average 
weight of the ears from rows with the tassels on, correspond very 
nearly with the weight of the ears from detasseled rows, showing that 
the increased yield is from a greater number of ears rather than larger 
ears. There is also shown a tendency toward greater ear production 
on the detasseled rows by the increased number of abortive ears. All 
sets” bearing silk, but without grain, were classed as abortive ears. 
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PLOT III. 
i be 3 5 3 B . 
ro) ° ° a 
hee |: fe 2 |& | a | 2. 
v7} i} 
wu we I . ee a2 
ROW. Tassels. | % ° g On op oe ic) z 4 
hy i ® >) g fe g > g p®? re 
S 35 3 8 a a a 
¥ g SY ay a 
A 1g E 3s | 3s 3 
Zz z % Zi E E E 
64 7 19 24 6 4 25 
57 21 21 29 6 4 Bie Uae 
61 25 15 25 3 ro det 
60 14 19 24 5.5] 4 25 
54 19 16 25 5.5 |. x) pes 
70 15 21 36 7 5 26 
63 21 15 32 4 3.5 | 24 
67 21 28 28 7.51 8.5. | 92.5 
74 17 98 26 7.5) 3 33 
316 s9 | 93 | 139 28 | 19.5 | 130 
254 71 89 117 26 1 103.5 
 @a.a') MB | ise kieeaed | Be | BGO Wenge 
63.6| 17.9| 22.25] 29:25) 6.5 | 4.25 | 25.87 


Yield per acre tassels off, 2,559 pounds, 
Yield per acre tassels on, 2,262 pounds. 
Gain by removing tassels, 13 per cent. 


The report of a recent experiment in detasseling is published in 
Bulletin 25 of the Nebraska Experiment Station, where the tassels 
were removed by the use of a corn knife, and the results are summed 
up in the following conclusions: 

1. “The detasseling of corn seems to be a positive detriment and 
loss, as shown by the results in two years’ trial. This is not conclusive 
evidence, but strongly indicative of what we may expect from the 
practice. 

2. “The expense is about $1.25 per acre and would require an 
increased yield from three to five bushels of corn to pay for the labor 
involved, thus depending on the price of corn in any given 
locality. 

3. “Although the results of the experiment in 1892 are so strongly 
contrasted and so widely divergent, yet we do not deem them decisive. 
We propose to repeat the experiment on still larger areas and with 
different varieties of corn and note the results before we announce the 
positive rule that ‘ detasseling does not pay.’” 

Although not conclusive the experiments made at this station indi- 
cate that there is more pollen produced by the corn plant than is neces- 
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sary to produce a maximum crop and that this over-production is an’ 
exhaustive process. 

The following are the results in brief of detasseling practiced at 
this station for four years: 

In 1890 a gain in total yield of corn of 50.6 per cent. 

In 1891 a very slight gain. 

In 1892 a gain in total yield of corn of 21 per cent. 

In 1893 a gain in total yield of corn of 19.3 per cent. 


GEO. C. WATSON. 
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Entomological Department. 


: THE PEAR LEAF BLISTER. 
Phytoptus pyri. 
Order ACARINA ; family PHYTOPTIDAE. 


Reddish blister-like spots an eighth of an inch or more in diameter appear 
ing on the pear leaves in the spring and changing to black corky spotsin July, 
each with a minute opening in it. 


In Bulletin 23 of this Station, issued in December, 1890, this disease 

of pear leaves was discussed at some length. It was then realized 

- that the only methods of checking the disease which could be sug- 
gested were too laborious to be practicable, except where the trees 
were young or few in number. This need of a cheaper and easier 
method of fighting this pest has been the subject for experimentation 
during the last two years. Some of these experiments have been 
strikingly successful, and we are now confident that this disease, which 
is alarmingly on the increase in the United States and Canada, can be 
easily and cheaply controlled. 

As the disease has been studied during an entire season, other phases 
of it, not before recorded, have been seen. The disease has also 
appeared in several other localities, and is causing considerable alarm 
among pear growers, judging from the reports of correspondents. It 
is the purpose of this article then to record these new facts, and to tell 
pear growers how the pest can be easily and cheaply combated. As 
Bulletin 23 is now out of print, it has also seemed best to again discuss 

_ the disease in detail. ' 

Symptoms of the disease.— The disease appears on the pear leaves 
before they are fully expanded from the bud, in the spring, in the 
form of red blister-like spots an eighth of an inch or more in diameter. 
During this red stage of the disease, the spots are more conspicuous 
on the upper surface of the leaves. About June 1, the spots gradu- 
ally change to a green color hardly distinguishable from the unaffected 
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. 
portions of the leaf; this change takes place on the lower side of the 


leaf first, and the spots may thus be red above and green below. In 
this green stage, which seems to have been heretofore overlooked, 
the badly diseased leaves present a slightly thicker, corky appearance; 
otherwise the disease is not readily apparent, especially where not 
severe. This green stage lasts about a week or ten days; and about 
June 15 the spots may be found changing to a dark brown color, 
beginning on the lower side of the leaf. The tissue of the diseased 


Fig. 2.— Part of an infested leaf, seen from below, showing several of the galls considerably 
enlarged. (From a photograph.) 


parts or spots then present a dead, dry, brown or black, corky appear- 
ance. ‘The spots are also more conspicuous on the lower side (Fig. 
1), and remain unchanged until the leaves fall in the autumn. 
They occur either singly, scattered over the surface of the leaves 
or often coalesce, forming large blotches which sometimes involve 


Py 


a large portion of the leaf (Fig. 1). The disease often appears on the 


young leaves of the new growth during the summer. The spots are 
then also first red and pass through the green stage to the brown. No 
variety of pears seems to be exempt from the attacks of the disease. 
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The disease is not known to attack anything but the pear in this 
country.* 

This Pear Leaf Blister is sometimes mistaken for a common fungus 
disease, the Pear Scab, which attacks the pear, also forming blackish 
spots on the surface of the leaves which have a slight resemblance on 
the blisters. The fungus, however, does not produce the blister-like 
corky appearance; nor is there scarcely any thickening of the leaf 
where it is attacked by the fungus. 

These diseased portions of the leaf are termed galls, as are the vari- 
ous abnormal vegetable growths produced by true insects. Figure 2 
represents several of these galls, or blisters as they are sometimes 
called by fruit growers; the galls are magnified about six diameters 
and well illustrate their blister-like corky appearance. In figure 3 is 
shown a section of a pear leaf through one of the galls, made doubtless 
while the gall was in its red stage. Here the leaf is seen to be greatly 
thickened at the diseased part. And in addition to the swelling of 


Fia. 3.— Section of a leaf ; g, gall in itsred stage; n,n, normal structure of the leaf; 0, opening 
of the gall; e, eggs. (After Sorauer.) 

both surfaces of the leaf, its internal structure is seen to be modified. 

In some parts there is a multiplication of the tissue cells, and in others 

a large part of the cells have been destroyed. 

As the season advances and the galls become dry and brown, the 
thickening of the leaf becomes less marked, especially on the upper 
surface. Figure 4 represents a section of a leaf collected and studied 
in October. Here the tissues in the diseased spot are dead, and there 
has been a shrinkage of the affected parts until the gall is but slightly 
thicker than the uninjured portion of the leaf. 

If these galls be examined from the lower side of the leaf with a 
hand lens (an instrument which every fruit grower should own) there 
can be seen near the center of each a minute round hole. It can be 
discerned in some of the galls represented in figure 2. This hole leads 


* Mr. Crawford records the finding of similar diseased spots on a fern (a 
Gleichenia) growing among infested pear trees in Australia. Although the 
inhabitants of the spots differed in color from those on the pear, he believed 
this to be due to the difference of the food and concluded that the disease was 
the same on the fern and pear, 
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into a cavity within the substance of the leaf (Figs. 3 and 4, 0) and in 

this cavity reside the creatures that cause the disease. 
Appearance of the Inhabitants of the Galls.— The minute creatures 

that attack the tissues of the pear leaf in such a manner as to cause the’ 


Fia, 4.—Section of leaf showing structure of gallin autumn; g, gall; n, uninjured part of leaf; 
o, opening of gall. 


abnormal growths —the galls — which form their homes, are what are 
popularly known as mites. They are exceedingly small, being practi- 
cally invisible to the unaided eye; and even with a good lens they 
appear as minute whitish specks. In fact, the best of microscopes is 
necessary in order to study their structure satisfactorily. So small are 
they that it would take 150 of them placed end to end and 600 placed 
side by side to measure an inch. They are usually whitish in color, 
sometimes with a slight red or brown tinge. The body is cylindrical | 
in form, tapering slightly towards each end (Fig. 5). It is ringed 
throughout the greater part of its length with about 100 very fine 
rings. Its four legs are placed near the head end of its body, so that 
when the mite walks it drags its body after it. The head is in the 
form of a conical snout, within which are two sword-like jaws. The 
body and legs are furnished with a few hairs which are constant in 
- number and position. 

Classification of the Pest.— The cause of this Pear Leaf Blister is 
not a true insect, but a mite. (The mites are more closely allied to 


Fia. 5.— The adult mite, greatly magnified. - 


the Spiders and Scorpions than to the true insects.) The southern 
Cattle-tick, the Itch-mite and the Red Spider are well-known members — 
of the same order (Acarina) of animals to which this pear pest 
belongs. Asa rule, newly-hatched mites have three pairs of legs and 
a fourth pair is added during growth, The members of the genus 
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_Phytoptus, to which this pear pest belongs, differ, however, from all 
other mites in that they never possess but two pairs of legs.* 

The popular name for this pear pest that has come into general use 
is the Pear Leaf Blister Mite. Crawford called it the Pear Phytoptus, 
the Anglicized form of its scientific name Phytoptus pyri. 

The Distribution and Past History of the Mite.—'The cause of this 
peculiar affection of pear leaves was discovered by Scheuten, a Ger- 
man, in 1857; doubtless the disease itself had been observed many 
years previously. Later German writers, Sorauer in 1873 and 1886, 
Kaltenbach in 1874 and Frank in 1880, speak of the disease as com- 
mon in Europe. In 1877 Murray records it as common in England 
and on the continent. Crawford states that public attention was first 
called to the pest in South Australia in 1881. In 1891 French found 
it had gained a foothold in Victoria orchards. In 1888 Fletcher 
received specimens of the disease from Nova Scotia, and in 1891 he 
found it was very widespread and serious throughout Canada. These 
are all the references to the occurrence of the pest in other countries 
that we have seen. 

The first record of the appearance of the disease in the United 
States is in 1872, when Glover found it common in Maryland. In 
1880 Burrill said the disease was widespread in this country. Osborn 
found the mite in large numbers on some Russian pear trees in Iowa in 
1884. He thought the pest had probably been introduced with the 
scions of the trees recently imported from Europe. In 1890 specimens 
were sent to Dr. Lintner from Charlotte, N. C., with the report 
that the disease was very prevalent there. In 1891 we received 
the mites from a correspondent in Fayetteville, Ark., who said his 
trees were badly affected. At the meeting of the Association of 
Economic Entomologists in 1892 Webster of Ohio and Smith of New 
Jersey reported the pest as very abundant in their respective States 
that year. This year McCarthy has found the disease very prev- 
alent in the orchards of North Carolina. 

In 1889 and 1890 the pest was abundant in pear orchards in western 
New York. We received specimens from Oswego in 1891; and Dr, 


* These curious four-legged mites seem to have been first observed in 1834. 

For seventeen years they were thought to be immature forms of some eight- 
— legged species. In 1851 Dujardin (An. des Sci. Nat., 8d Ser., vol. 15, p. 166) 
showed why he believed them to be adult forms and proposed the generic 
name Phytoptus for such four-legged forms. In 1857 Scheuten, who described 
the Pear Leaf Blister Mite, criticized Dujardin’s work and adhered to the 
theory that they were but immature forms. During the succeeding twenty 
years several observers studied the four-legged mites, and since 1877 it has 
been the prevailing opinion that they are adult animals forming a distinct 
family among the mites. 
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Lintner reported it as excessively abundant in eastern New York in 
1892. The disease is very common in pear orchards near Ithaca, and 
has very noticeably increased within the past three years. It doubtless 
occurs in a majority of the pear orchards in the State. This completes 
the recorded history of the disease in our own State and other States. 

These data indicate that the disease is of European origin. It had 
become established in the United States in 1872, and had reached Aus- 
tralia in 1881, and Canadain1888. Itis widely distributed over the north- 
ern, eastern and southern portions of the United States, and has doubtless 
been introduced into other sections on stock bought in the east orin Europe. 

Its Destructiveness.— The destruction wrought by the mite thus far 
has not been very serious except in a few cases where it was excessively 
abundant. The infested leaves fall from the trees sooner than the 
others, thus depriving the tree of its breathing organs and materially 
weakening it. Without its leaves the tree cannot store up the necessary 
food in its winter buds to insure a healthy vigorous tree and a full crop 
the next season. The freer from disease the leaves can be kept during 
the summer and fall, the more vigorous will be the tree and the better 
will be the quality and the greater the quantity of the fruit the next 
season. Pear growers should therefore be on the watch for the Pear 
Leaf Blister, and not let it get a foothold in their orchards. 

The Life History of the Mite.— According to German observers, 
the exceedingly minute oval grayish eggs are laid by the females in the 
spring within the galls that they have formed, and here the young are 
hatched. How long they remain within the gall of their parent has 
not been ascertained. But sooner or later they escape through the 
opening in it, and seeking a healthy part of a leaf or more often crawl- 
ing to the tenderer leaves of the new growth, they work their way into 
the tissue and new galls are thus started. In this manner the galls on 
a tree are often rapidly multiplied during the summer. The mites live 
within the galls, feeding upon the plant cells, until the drying of the 
leaves in autumn. They then leave the galls through the openings 
and migrate to the winter buds at or near the ends of the twigs. Here 
they work their way beneath the two or three outer scales of the buds 
where they remain during the winter. Fifteen or twenty may often 
be found under a single bud scale. In this position they are ready for 
business in the spring as soon as growth begins; and they doubtless do 
get to work early, for their red galls are already conspicuous before the 
leaves get unrolled.* 


*Mr. Crawford says: ‘‘ There are two ways in which the mite survives the 
wintér when all the leaves are shed — first, by hibernating among the hairs of 
and in the leaf bud, and, secondly, by forming colonies under the tender bark 
of last year’s growth, as I have found them in both situations.” 
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The mites instinctively migrate from the leaves as soon as the latter 
become dry. Whenever branches were brought into the insectary, as 
soon as the leaves began to dry, the mites left them and gathered in 
great numbers in the buds. It is impossible to accurately estimate the 
number of mites that may live in the galls ona single leaf. Sections 
of galls made while in their red stage would seldom cut through more 
than two or three mites; but sections of the brown galls often showed 
four or five times as many. Thus on a badly infested leaf there is 
without doubt at least a thousand of the mites. 

Methods of Destroying the Mites.— Owing to the fact that the mites 
live within the tissues of the leaves during the growing season, they 
are then beyond the reach of ordinary insectides. It is obvious that 
they would not be affected by any poison dusted or sprayed upon the 
surface of the leaves. In 1890 we demonstrated that the mites could 
not be reached by an application of kerosene emulsion to the leaves. 
It was hoped that a sufficient quantity of the liquid would pass into 
the galls through their open mouths to injuriously affect the mites, but 
it did not. 

Thus the only practicable method of combating the pest while 
in the galls is to gather the infested leaves, either by picking or 
pruning, and burn them. This method is a sure one, and is practicable 
where the pest is just starting in an orchard, or where the trees are 
small or when but a few large trees are attacked. It can be done at 
any time before the leaves dry and fall in the autumn, but the earlier 
in the season the better. In May, while the galls are red, would be 
the best time to do it. 

The most vulnerable point at which the disease can be attacked on a 
large scale is when the mite is in its winter quarters in the terminal 
winter buds. Doubtless the pest receives a.considerable check in many 
orchards at the annual pruning to which the trees are subjected. In 
this manner many of the winter buds containing the mites are removed 
and the burning of the brush soon after destroys the pest. 

The methods just discussed are sure means and are practicable within 
certain limits. But a method which is cheaper, easier, more practicable, 
and one that is effective and applicable to large orchards, has resulted 
from our experiments during the last two years. One winter while 
experimenting to learn the effects of kerosene oil on dormant wood, it 
was noticed that the oil penetrated every crevice of the wood with 
surprising thoroughness; and it was at once suspected that kerosene 
might be used with effectiveness against this mite while in its winter 
quarters under the bud scales. 

In the fall of 1891, before the leaves fell, several badly infested trees 
were labeled; and in Februry, 1892, two trees were treated with undi-< 
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luted kerosene, one tree with kerosene emulsion diluted with two and 
one-third parts of water, and one tree was left untreated as a check. 

In the spring the mites appeared in force on the check tree, but upon 
the treated trees not more than a dozen galls appeared during the 
season, the pest having thus been nearly exterminated. The trees 
treated with the undiluted kerosene were nearly killed, so that in this 
form kerosene can not be used. with safety on the pear. The only 
apparent effect upon the trees treated with the emulsion, however, was 
a slight retardation in the unfolding of the leaves in the spring. This 
experiment was of course only an indicator but it gave the clue. The 
result was not given to fruit growers at the time for it needed further 
verification on a larger scale, and it was desirable to know what per- 
centage of kerosene it was necessary to apply to do the work successfully. 

In September, 1892, we found sixteen quite badly infested trees in 
the Horticultural orchard here at the Station. These were then labeled, 
and March 10, 1898, all but two (which were left for a check) were 
sprayed with kerosene emulsion diluted with from three to ten parts of 
water. The trees were standards varying from six to fifteen feet in 
height, but it was found that it required only about one and a half 
quarts of the diluted emulsion and about two minutes of time to spray 
a tree thoroughly from all sides with a knapsack sprayer. 

July 10, 1893, trees were examined and it was found that the four 
sprayed with the emulsion diluted with three parts of water were prac- 
tically free from the disease. The four trees sprayed with the emulsion 
diluted five times, and the four on which the emulsion diluted with 
eight parts of water was used showed a very few galls, not one per cent 
of the number on the trees the preceding year. Two trees which had 
been sprayed with the emulsion diluted with ten parts of water showed 
nearly as many galls as before. The two check trees were as badly 
infested as they were the year before. 

These results showed that the emulsion was effective when diluted 
with not more than eight parts of water, or containing about eight per 
cent of kerosene. The remarkable success of these experiments could 
be fully realized only by one who had seen the diseased trees in the fall 
and again a year later. To illustrate it graphically one need but 


imagine the four leaves shown in figure 1 (which were taken in the fall | 


and are typical specimens of the leaves on many branches of the trees 
before they were treated) passed through some process by which all 
of the galls could be removed except one or two on each leaf; this com- 
parison does not exaggerate the difference between the trees before 


and after treatment with the emulsion. In all of our work with pre- 


ventive methods against insect attacks, we have never met with more 
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striking success than we obtained by the use of the emulsion against 
this Pear Leaf Blister Mite.* 

The emulsion can be applied with equal effectiveness at any time 
after the leaves have fallen in autumn and before the buds have begun 
to swell in the spring. Dilute the emulsion + with not over five to seven 
parts of water. Spray the tree thoroughly from every side, takmg 
especial care to hit every terminal bud, for this is where most of the 
mites congregate. There is no danger of injuring the tree with this 
dilution of the emulsion. 

In this manner the Pear Leaf Blister Mite can, we believe, be nearly 
exterminated in an orchard by a single thorough spraying. The 
method also has the great advantage of being cheap, easy to apply and 
practicable on a large scale. This spraying of the tree in winter with 
so strong an emulsion may also destroy some of the adults of that pest 
most dreaded by all pear growers—the Pear Psylla — which is then 
in hibernation in the crevices of the bark on the trunk and large limbs; 
therefore spray the tree all over. 


*Mr Crawford doubtless first suggested the use of kerosene emulsion 
against this pest in winter. He said: ‘“‘The habits of the mite in the winter 
time afford a clue to one method of treating it. For this purpose I would 
recommend three washes to be experimented with, viz.: Kerosene emulsion, 
one to fourteen; caustic’soda, say four, eight and twelve ounces to the gallon; 
and sulphuretted lime.” 

He tried no experiments and our results show that to dilute an emulsion 
would be of little avail. Mr. Crawford’s recommendation was unknown to us 
until after we began to write this article. 

Other authors have recommended the use of the emulsion when the mites are 
eaving the buds or while migrating to the buds. It would be effective if the 
mites could be hit at this latter time, which would, however, necessitate very 
careful watching with a good lens to determine the exact time to make the 
application. They do not leave the buds in the spring, but attack the leaves 
while yet in the bud; and the mites are out of reach in their galls before the 
leaves unroll. 

+ To make the emulsion, thoroughly dissolve one-half pound hard or soft soap 
in one gallon boiling water. While this solution is still very hot add two gal- 
lons of kerosene and quickly begin to agitate the whole mass through a syringe 
or force-pump, drawing the liquid into the pump and forcing it back into the 
dish. Continue this for five minutes or until the whole mass assumes a creamy 
color and consistency which will adhere to the sides of the vessel, and not glide 
off like oil. It may be now readily diluted with cold rain water, or the whole 
mass may be allowed to cool when it has a semi-solid form, not unlike loppered 
milk. This standard emulsion if covered and placed in a cool dark place will 
keep for a long time. In making a dilution from this cold emulsion, it is 
necessary to dissolve the amount required in three or four parts of boiling 
water, after which cold rain water may be added in the required quantities, 
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To summarize briefly, our experiments strongly indicate that the 
Pear Leaf Blister can be nearly exterminated in a badly infested 
orchard by a single thorough spraying of the trees in winter with 
kerosene emulsion diluted with from five to seven parts of water. 
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A NEW FOOD PLANT.— Stachys Floridana.* 


Two years ago, Dr. Erwin F. Smith, of Washington, sent us a curi- 
ous tuber which he picked up on the sea coast in Florida. For two 
years an interesting progeny has been grown from this tuber, which 
proves to be Stachys Floridana, a plant not before introduced to culti- 
vation, so far as I know. In general appearance, the plant is much like 
the Chorogi or Stachys Sieboldii which is sold as an esculent by the 
seedsman, and a detailed report of which was made from this station 
two years ago.t It differs from the Chorogi, amongst other things, in 
its more slender habit, smoothness, and its long-stalked cordate leaves. 
The tubers are produced as freely as in that species and are generally 
somewhat larger. ‘The illustration shown herewith is a life-size picture 
of the greater portion of a tuber, which, however, was rather above the 
average size. The tubers commonly reach the length of four to six 
inches, and the joints are of nearly uniform thickness. The flavor is 
fully equal to the Chorogi, and we sometimes think it better, being per- 
haps, somewhat more crisp and brittle. The plant has not yet been 
grown in the open ground, but we now have sufficient stock to make 
the experiment the coming season. I expect that the plant will be able 
to endure our winters with the protection of a mulch, for tubers that 
have been frozen grow readily. There is every prospect that this inter- 
esting species will add another attractive vegetable to our gardens. 

Stachys Floridana is known to occur only in eastern Florida, and it 
is one of the comparatively little known plants of the genus. Chap- 
man, in his Flora of the Southern United States, calls it an annual, but 
Gray describes it as producing “a moniliform tuber of two or three 
inches in length.” 

Gray says that the plant is “ barely a foot high” but under cultiva- 
tion it grows to the height of two feet. - 


* Stachys Floridana, Shuttleworth, MSS.; Bentham, D. C. Prodr. xii. 478 
(1848). 
+ Bulletin 37, p. 894. 
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THE MOLE-PLANT.— Euphorbia Lathyris.* 


The horticultural community was interested last spring in the 
announcement of Samuel Wilson, of Mechanicsville, Penn., that he 
had a plant which will drive moles from the garden. This plant, 
although said to be biennial, was called the Mole-Tree, and the account 
was verified by the picture, which shows a diminutive tree beneath 
which lies the corpse of a mole. Nothing is said by the introducer 
‘about the origin, nativity or botanical affinities of the plant. We 
were able to secure but one plant of the Mole-Tree, and we were so 
choice of it that it has been grown in the greenhouse. It turns out 
to be an interesting old garden plant, which has a continuous history 
of at least three hundred years, and which was known as a medici- 
nal plant to Galen in the second century. It is the Caper Spurge, 
Euphorbia Lathyris. The name Spurge is applied to many related 
plants, in reference to their purgative qualities, and this particular 
species is called Caper Spurge from the fact that the little seed-like 
fruits are sometimes used as a substitute for capers. The plant is 
known chiefly as a household medicine, although it is used in materia 
medica and is figured by Millspaugh in his recent work upon Ameri- 
can Medicinal Plants. Its use asa food plant seems, fortunately, to 
have ceased. Johnson, in Sowerby’s Useful Plants of Great Britain, 
1862, speaks of this use of it as follows: ‘The three-celled capsules 
are about the size of a large caper, and are often used as a substitute 
for that condiment, but are extremely acrid, and not fit to eat till they 
have been long macerated in salt and water and afterwards in vine- 
gar ; indeed it may be doubted whether they are wholesome even in 
that state.” 

This plant is a native of Europe, but it has long been an inhabitant 
of old gardens in this country, and it has run wild in some of the 
eastern states. Its use as a mole repeller is not recent. Pursh, in 
writing of the plant in 1814, in his Flora of North America, says that 
“Tt is generally known in America by the name of Mole-plant, it 
being supposed that no moles disturb the ground where this plant 
grows.” Darlington makes a similar statement in Flora Cestrica, 
1837: “This foreigner has become naturalized about many gardens,— 
having been introduced under a notion that it protected them from the 
incursions of moles.” In later botanies it is frequently called Mole- 
plant. Ido not know if there is any foundation for these repeated 


* Euphorbia Lathyris, Linneeus, Sp. Pl. 655 (1758). 
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statements that the Caper Spurge is objectionable to moles, but the 
fact that the notion is old and widespread raises a presumption 
that the plant may possess such attributes. The statement occurs 
only in American works, so farasI know. It would be interesting to 
know the experiences of those who have grown the plant for a number 
of years, for the subject is worth investigation. But we cannot too 
strongly deprecate the practice of introducing plants to the public 
without giving purchasers definite knowledge of their history and 
nature, and without having detailed proof that the plants possess the 
virtues which are claimed for them. It would have been better in the 
present example, no doubt, to have submitted the plant to a botanist 
before introducing it, in order that its proper name and history might 
have been determined; and if the public is at all inclined to buy a mole- 
plant it would have been persuaded much more by the long tradition 
of its virtues than by any consequential statement of its value. 

The Caper Spurge is apparently biennial, although Boissier, a cele- 
brated monographer of the euphorbias, calls it annual. The plant is 
very unlike in its early and flowering stages. Until it begins to branch 
and flower, the leaves are long linear-lanceolate, opposite, and arranged 
in four perfect rows down the thick, smooth stem. As this stage of 
the plant is rarely illustrated or described, I have introduced here a 
photograph of our Mole-plant as it appeared eight months after its 
receipt from Mr. Wilson. It was placed horizontally and an end view 
was taken in order to show the serial arrangement of leaves. "The plant 
is exceedingly curious and interesting, and we shall grow it in our 
greenhouses as an ornamental subject. Few plants have a more novel 
or striking appearance. In its second or flowering stage, the leaves are 
ovate and shorter. Mr. Wilson writes me that he knew this plant in 
old gardens more than fifty years ago, where it had a reputation for 
expelling moles, but he lost sight of it until a short time since, when 
he again met with the plant. It was then propagated and introduced 
to the public. | 


ORCHARD COVERS. 


A year ago* a report was made upon the use of the European vetch 
( Vicia sativa) as a plant for growing in orchards, — to afford a cover 
for the soil in late summer, fall and winter, and to provide fertilizer’ 
when plowed under, the following spring. Observations have been 
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*The Vetch or Tare as an Orchard Plant, Bull. 59, Cornell Exp. Sta. 354, 


334 Ag@RicuLTURAL Exprertment Sration, Iryaca, N. Y. 


continued upon the vetch this year, and experiments have been tried 
with common field peas, cow peas, and other plants, as covers for 
orchard lands. | 

The vetch is an annual leguminous plant which continues its growth 
long after frost and which mats down with the snow into a perfect, 
carpet-like covering. In the spring the vines are so well decayed that 
the cover can be plowed under easily. The vetch can be sown late in 
June or early in July in this State, and the plants will cover the ground 
with a dense tangled mulch two feet deep when winter sets in. Last 
year (1892) we sowed the vetch June 16. This year we sowed one 
area June 20, and another June 28. Both made an ideal mulch, and 
the plants were green and still growing late in November. They pro- 
duced no seeds, and but very few flowers. About a bushel of seed 
should be sown to the acre. The seed is large and germinates readily, 
and is likely to catch at almost any time during the summer. Some 
idea of the dense growth of the vetch this year may be obtained when 
I say that one patch overcame and obscured a heavy growth of horse 
radish which had been in the ground two years. I am confident that 
upon fairly good soil, good results can be obtained with vetch sown as 
late as the middle and possibly the last of July. We have obtained 
our seed from J. M. Thorburn & Co., of New York, who sell it for 
$3.50 per bushel. Other dealers probably keep it. An analysis of the 
vetch, as given in our report for last year and repeated below, shows 
that it is rich in fertilizer value. 

There has been very considerable inquiry concerning the value of 
cow peas for northern orchards. Sixteen varieties were grown at the 
Station this year for the purpose of ascertaining which one will mature 
in this latitude; and over half an acre was sown to the Black pea, 
which Professor Massey, of North Carolina, thought likely to prove the 
best variety for our purpose. These black peas. were obtained of L. R. 
Wyatt, Raleigh, N. C., and were sown June 20. The land was clay 
and variable in contour, comprising two dryish knolls, with a moist 
vale lying between them. The peas were slow in starting, owing to the 
hard soil, but they made a fair growth in August and early Septem- 
ber. In the vale, the plants grew nearly two feet high and covered 
the ground well, but on the knolls the soil was not covered. The 
plants had just begun to flower when they were killed by the first 
frost. The leaves fell off, and the bare, stiff stems now afford very 
little protection to the soil. 

The varieties of cow peas grown for the purpose of ascertaining 
the earliness of the various kinds, were sown May 31 in rich garden 
loam. These peas were obtained from the experiment stations of North 
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Carolina, Arkansas and Louisiana. The varieties ripening seeds are 
ten, as follows: 


Black, from N. C. 

‘Black Eye, N. ©. 
Blue, La. 
California Bird’s Eye, Ark. 
Clay, N. C. 
Gray Prolific, N. C. 
Large White, La. 
Whipporwill, N. C., Ark., La. 
Yellow Prolific, N. C. 
Yellow Sugar Chowder, Ark. 


The varieties which did not mature seeds are the following : 


Black, from La. 

Brown Hye, Ark. 

Clay,- La. 

Conch, N. C. 
Indian, La. 

King, La. 

Lady, La. 

Purple Hull, La. 

Stewart, N. C. 


The varieties which seemed best adapted to this latitude were the 
Black and Whipporwill. The latter I fruited also at Lansing, Michi- 
gan, in 1887. It will be seen that there appears to be a difference 
betwcen samples of the same variety coming from different sources. 
The Black pea from North Carolina seed matured well, but that from 
Louisiana stock was too late. The same difference occurred in the 
Clay. This is what might have been expected, and it emphasizes the 
importance of securing seed from the northernmost station, when 
choosing stock for growing in the north. On the whole, the Black 
cow pea seems best adapted to growing in Central New York. A 
small patch of this was sown on a rich, loose soil July 17, and the 
plants made as heavy growth as those sown upon the clay soil nearly 
a month earlier. But the cow pea affords so much less winter protec- 
tion to the soil than the vetch, without any counterbalancing advant- 
ages, that it can scarcely be recommnnded for an orchard cover in the 
north. 

The ordinary field pea was also grown this year as a winter cover. 
One lot was sown August 18. Although the tips of the plants were 
somewhat shriveled by frost, the plot was still green and growing the 
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middle of November, but no flowers had appeared. The vines were 
two to three feet long and they covered the ground completely, and 
made an excellent mulch. Peas sown September 20 reached a height 
of about six inches and were not large enough to afford a satisfactory 
cover ; yet, if sown very thick, peas could be put in at this time with 
fair Pact 3 in cases where the ground could not be used earlier, 

Aside from these covers, various kinds of clovers were sown in mid- 
season for purposes of comparison, but they made a poor stand and 
afforded very little protection to the soil. Rye sown late in August or 
early September made a fair cover, but it is no better than common 
field peas, if as good, and its fertilizing value is small. 

The following analyses show the fertilizer values of the various 
plants here discussed. The vetches and peas were analyzed at this 
Station. The analysis of cow peas is taken from Professor Teller’s 
recent studies in Arkansas,* and that of clover is compiled trom reli- 
able sources for comparison. 


Original substance. Dry substance. 

Vetch, ready to bloom, roots and tops. 
MIGLOLEN eae yaaa ecu 200 “per Cent. 3.10 per cent. 
Phosphoric acid........ SAG Ber OO! iy 
EO UAS EN et aie ae aya Med 475 a 2.28 ip 
AV ALOE a RR eels ts : 79.15 A 

Peas, 2 to 3 ft. high, no flowers, roots and tops. 
Nitrogen......... cA aay Ae tlh ie erie eo 
Phosphoric acid....... Se 1B: Cette: 7eG) 2 on 
ocashs. Ulbchee.c evi ts .361 a 1.86 5 
“FCA Bo Mn SO eg 80.61 ‘ 

Peas, 6 in. high, roots and tops. 
INTET OMEN acinleie st. ctee tare 34 ye 2.43 - 
Phosphoric acid....... POSE a5 JOR” t Gee 
EPOTASU Sr hot e a «i ret ola, p ate + .179 “ 1.28 rs 
EVMEELOIL Cos tecsue as en acn etehee 86.05 3 

Cow Peas ( Whipporwill), in blossom, straw only. 
PNABT ORO. pe hae Jciste. 5 Vie pains mamta aMens waa 5.09 ine ee 
EOS PHOTIGIACIL 2.5) .'a'otw Sate nig eee aie ove iatala eve Sb <suia 
EL OUARIN sine, 9 ieuais @ihicis\~ ies 00,0 ls RIO clehal Wraahingae eke, cole ARS: Bae 

Red Clover, average of several analyses. 
NAGEL AE! .%,'s BvLyS MERU: ». bcela ap @hapane coh wor oe A 2.05 - 
ROSPDOLIG ALIC po + siahiin vs eierscehele Rite amen rate . 66 <§ 
GLAAD, 2 iui chore sn ister ae Ok Sere ane sath CO eRe a 2.24 < 


* Bull, 24, Ark. Exp. Sta. July, 1893, 
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It will be seen that the vetch ranks highest in fertilizer value 
although it is not greatly above cow peas. But cow peas afford little 
protection to the soil during winter and can therefore scarely be 
recommended for an orchard cover in this latitude. Next to the vetch 
in value is the common field pea, and as it affords a good cover when 
sown as late as the middle or last of August, it may often be more 
useful than any other plant. 


GARDEN DOCKS. 


Various species of docks and sorrels have long been cultivated as 
pot-herbs. Some of them are very desirable additions to the garden 
because they yield a pleasant food very early in spring, and, 
once planted, they remain for years. We have grown two of the 
French docks for years and find them to be very good. One is the 
Spinage Dock (Oseille Epinard), the other the Large Belleville 
(Oseille Large de Belleville). The former is the better of the two, 
- perhaps, and it has the advantage of being a week or ten days earlier. 
The broad crisp leaves appear early in April when there is nothing 
green to be had in the open garden, and they can be cut continuously 
for a month or more. This dock is the Herb Patience, or Rumex 
Patientia of the botanies. It has long been an inhabitant of gardens, 
and it has sparingly run wild in some parts of this country. It is a 
native of Europe. The Belleville is also a European plant, and is 
really asorrel. It is Rumex Acetosa of botanists. It has also become 
spontaneous in some of the eastern portions of the country. It has 
thinner, lighter green and longer-stalked leaves than the Spinage Dock, 
with spear-like lobes at the base. The leaves are very sour, and will 
probably not prove to beso generally agreeable as those of the Spinage 
Dock ; but they are later, and afford a succession. In some countries 
this sorrel yields oxalic acid sufficient for commercial purposes. The 
Round-leaved or true French sorrel (umex pe) would probably 
be preferable to most persons. 

All these docks are hardy perennials, and are very acceptable plants 
to those who are fond of early “ greens.” Some, at least, of the culti- 
vated docks can be procured of American seedsmen. 


LABELS. 


Anyone who has had experience in gardens knows that the methods 
of labelling plants and trees are nearly always unsatisfactory in some 
particular. A great variety of labels has been recommended for trees, 
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but we do not seem to have found the ideal label, although the one 
which is here described seems to satisfy more needs than any other 
which we have been able to secure. We first tried zinc labels, cut in 
narrow strips from a sheet of the metal. The record is made upon the 
zine with a soft lead pencil and the label is then wound about a branch. 
Very often the record is indistinct upon the zinc label, but the chief 
fault is its inconspicuousness. It requires much searching to find a zine 
label upon a large tree, and this objection holds with every practicable 
tree label which has been introduced, even with the three or four-inch 
pine labels which are common in the market. We next tried patent 
zinc and copper labels which are cut from very thin metal so that the 
record can be made by the impression of a sharp point or style. These 
pretty and so-called indestructible labels are furnished with an eyelet 
through which the wire passes. We were much pleased with these 
labels when we put them upon our orchard trees one fall; but the next 
spring we found that the metal had broken away from the eyelets and 
nothing remained of them but a hole hung upon a wire. 

We now label our trees with the device shown in the illustration. 
We buy the pine “package label” which is used by nurserymen, 
and which is 6 in. long and 14in. wide. These labels cost, painted, 
$1.30 per thousand. These are wired with stiff, heavy galvanized wire,. 
much like that used for pail bales and not less than eighteen inches is: 
used upon each label. Hooks are turned in the ends of the wires before 
the labels are taken to the field. A pail of pure white lead, well thinned 
with oil, is taken to the field with the labels. The record is made with 
a very soft pencil, the label is dipped into the paint, the wire is placed 
about a conspicuous limb and the hooks are joined witha pair of pliers. 
The paint at first almost completely obscures the writing, but some of 
it drips off and the remainder dries in, so that the record becomes 
bright and the soft pencil marks are indelibly preserved, while the 
label remains white. If the paint is brushed on, the soft writing will 
be blurred. If in the future the wood becomes grey, the label can be 
brightened by immersing it in a pot of white lead, without removing 
it from the tree. The large loop of wire allows of the growth of the 
branch and the label hangs so low that it can be seen at a glance. The 
heavy, stiff wire insures the safety of the label against boys and work- 
men. It cannot be removed without a pair of pincers. The label is 
large enough to allow of a complete record of the name of the variety, 
the place of purchase, age, and other matters; and it is readily found, 

For temporary or annual plants, where little horse work is done, 
we like the commercial garden stakes, 12x14 in. These cost us, 
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when painted and made of soft clear pine, $4.55 per thousand. 
For more permanent stake labels, we use the one shown in the 
picture, and which is sawed at the nearest mill. This is cut from 
clear pine and is 2 ft. long, 3} in. wide, i4 in. thick, and sawed 
to a point. These are given two thin coats of white lead, care 
being taken not to pile them upon their faces until thoroughly 
dry, to avoid a rough surface for the pencil. The record may be made 
by a large soft pencil, like a carpenter’s pencil, or by a brush and black 
paint; but forall annual crops the pencil will be found more serviceable. 
At the end of the season or when the record becomes dim, a thin shav- 


A good Stake Label. 
(24x 3% x 1% in) 


ing is planed off the face of the label, it is repainted, and used again. 
We gather up these labels from the vegetable garden each fall and 
dress them up during winter. The label is thick enough to allow of 
many annual dressings, while the lower portion is not reduced and it 
therefore lasts for many years and is strong enough to resist the shocks 
of cultivator or whippletrees. For ornamental bushes this large label 
is too conspicuous, and for this purpose we use a pine label 14 inch wide, 
+ inch thick, and 18 or 20 inches long, and the lower half is soaked in 
a strong solution of sulphate of iron (copperas), and, after drying in 
lime water, to preserve it. 
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RECENT VARIETIES OF TOMATOES. 


The year 1893 was prolific in new tomatoes. It is impossible to make 
an extended report upon the tomato experiments of the year at this 
time, but the following brief running notes of the newer varieties may 
be of value: ; 

Aristocrat Dwarf (Livingston). Habit of Dwarf Champion. Fruits 
red, small but very even and uniform and round, solid and attractive. 
Apparently a valuable amateur variety. 

Baltimore Prize Taker (Landreth). A purple tomato of medium 
size, round and smooth. Attractive, but seemed to possess no superior 
merits. 

Buckeye State (Livingston). A very large and productive round, 
heavy, purple smooth tomato. Seems to be the best novelty of the 
year on our grounds, and apparently worthy of general use. 

Comrade (Gregory). A small and round early tomato, red, like 
Prelude in shape, valuable for its earliness, although here it did not 
equal Advance in this respect. 

Early Michigan, or Early Red Apple (Ferry). Red, of medium 
size, round and regular. A good, handsome variety, but scarcely large 
enough to compete with other tomatoes in the general crop. It was 
not very early here. 

Earliest of all (Salzer). A red, angled tomato of medium size, with 
a tendency to be flattened. It was not early here, and it seemed to 
have no striking qualities. 

Extra Early Advance (Burpe). Our earliest tomato this year. A 
small red tomato of uniform size and shape, not very far removed from 
the Cherry type. Valuable only on account of its earliness. 

Gold Ball (Livingston). Much like the old White Apple, except a 
little longer and of a bright lemon color. Early. 

Hubbard’s Early (Jerrard). A curled-leaved variety of the old — 
angular type, red, appearing to be identical with the old Hubbard’s 
Cnrled Leaf. 

La Crosse Seedling (Salzer). Mixed, part of the plants like Dwarf 
Champion, and others slender growers with red angular fruits. Of no 
value with us. 

Lemon Blush (Thorburn). Fruit of medium size, bright lemon 
with a faint blush, early. A good variety, and apparently worth 
general dissemination. 

Logan’s Giant (Everitt). An irregular, very late tomato, of no value 
here, 
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Mays Favorite (R. D. Hawley & Co., Hartford, Conn.). A medium 
red tomato, uniform, regular and good. Seems promising. 

Salzer’s First Prize (Salzer). A flattish red variety of medium size, 
and apparently valuable for home use. 

Salzer’s Giant Tree (Salzer). Much mixed. Most of the plants 
bore a smallish red tomato with no pronounced attributes. 

Salzer’s Morning Star (Salzer). We could not distinguish it from 
Mikado. — 

Salzer’s New Pot (Salzer). Mixed. Mostly like Dwarf Champion. 

Semperfructifera (Pitcher and Manda). <A red tomato of the Plum 
type, but somewhat angular or cornered in form. It was not early 
with us. One plant bore a large round fruit and was evidently a 
“rogue.” Valuable only for domestic use. 

Shenandoah (May). Large red flattish tomato of uniform size and 
regular. Very promising. 

Storm King (Buckbee). Seems to be indistinguishable from small 
forms of the old White Apple. 

Ten Ton (Landreth). Fruits medium to small, red, apparently not 
valuable here. 

Terra Cotta (Thorburn). A medium to large buff-red regular 
tomato, of novel color. Interesting, and apparently valuable. 

Topound (Huntingdon). Very much like Shenandoah. Good. 

World’s Fair (L. H. Reed, Grand Rapids, Wis.). A red flattish 
tomato with small foliage and evidently an offshoot of the old angular 
or cornered type of tomatoes. It seems to have no particular merits 
here. 


TOMATO-POTATO GRAFTS. 


Frequent statements go the rounds of the press describing some 
mysterious or extravagant results which have been obtained by inter- 
grafting tomatoes and potatoes; and one correspondent has reached 
the point of naming his mongrel the “ Potomato,” and from it he 
expects to reap compound crops of tomatoes and potatoes. The truth 
is that the grafting of the tomato on the potato, and vice versa, is no 
new thing; and it is equally well known that no economic results come 
from the union. Yet the subject is an interesting one to those who are 
curious concerning the habits of plants, and it is true that potato 
tubers will grow without potato tops and tomato fruits will ripen with- 
out tomato roots. In order to set the matter right, it has seemed best 
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to make a report of some of these grafts which we made three years 
ago, although a brief account of them has already been published.* 

The grafts comprised tomatoes on potatoes and potatoes on tomatoes. 
Plants for the purpose were grown in pots, and the grafting was done 
in the greenhouse when the plants were but a few inches high.t 

All sprouts were promptly removed from the stock below the union, 
and when the plants were set out of doors the parts were strongly 
knit together. Nevertheless, it was necessary to set the plants in a 
protected place to avoid injury from winds. The illustrations show a 
representative plant from each lot. It will be seen that the tomato-on- 
potato plant bears a handful of tubers, together with a fair crop of 
tomatoes. The products of the two parts looked to be perfectly nor- 
mal, although the potatoes did not grow when planted, and the toma- 
toes seemed to develop the full tomato flavor. In this case, there was 
not a potato leaf allowed to develop the entire season. The potatoes 
were manufactured by tomato foliage. But the plant which bore the 
best crop of tomatoes bore no tubers on the potato roots — the strength 
seemed to have gone entirely into the tomato top. 

The potato-on-tomato plants were infertile; that is, the tomato roots 
had no tubers and the potato tops, while they bloomed freely, produced 
no balls. The failure of the potato top to produce balls is probably not 
due to the fact that it had a tomato root, however, for comparatively 
few modern varieties of potatoes go to seed, even if they flower freely. 
There are records of potato tops on tomato roots having produced 
potato-like tubers in the axils of the leaves, and this curious cireum- 
stance has been thought to indicate a sort of graft-hybridism between 
the potato and tomato. I am ready to believe that such tubers have 
been produced, but they occasionally appear upon normal potato plants, 
and we have frequently produced them when propagating potatoes 
from cuttings of the growing shoots. Auxillary aerial tubers, while 
rare, are perfectly well known, and it would not be strange if, when 
the plant is prevented from making tubers in the ground, it should 
spend its energy elsewhere. 

But however interesting these experiments may be to the plant 
physiologist, it is well for the reader to know that there is nothing 
mysterious in the operation of grafting the plants, and that there is no 
likelihood that any economic results will follow. 


*Carman, The New Potato Culture, 151. 
+For an account of the methods of grafting herbs, see Bull. 25, Cornell 
Exp. Sta. 175, 


Potato-on-tomato Plant. . 


Tomato-on-potato Plant. Tomatoes above, Potatoes below. 
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HARDY CARNATIONS. — 


There is comparatively little known in this country about hardy or 
what the English call border carnations. The energy of American car- 
nation growers has been directed almost entirely to the winter or house 
type. This winter or forcing type is a modern evolution from the 
hardy carnation, and there seems to be no reason why the two types 
should not succeed equally well in this country. Gardeners of foreign 
birth usually dismiss the hardy carnations by saying that our climate is 
too hot and dry for them. While there may be much truth in this 
position, it is also true that many and perhaps all of the border varieties 
can be grown here with little trouble. Some persons have grown them 
with perfect satisfaction for years, and visitors to the W orld’s fair in early 
August must have noticed a glowing bed of them upon the wooded island. 

In order to determine if these plants can be successfully grown with 
only ordinary care, such as any person can give, we secured seeds, in 
the spring of 1892, of the following strains: Early Margaret, Self 
Colored, Early Dwarf, Mixed Vienna, Red Grenadine, Splendid Rose- 
leaved, Picotee and some others. These were sown in boxes in the 
greenhouse on the 8th of March, but they might just as well have been 
sown out of doors when the season opened. The plants were set in the 
field as the season advanced. A few of them bloomed in the fall. 
They were allowed to go through the winter wholly unprotected, 
although they grew upon bald hill-top; and the last winter was severe 
at Ithaca. They all wintered well, and they began to bloom about the 
middle of June and gave an uninterrupted display of bright colored and 
interesting forms until late in August. Although the lot was a mixed 
one, having come from seeds, all the varieties were interesting, particu- 
larly the single flowers. If any one strain were more pleasing than 
another, it was probably the Vienna, which bore single and semi-double 
little flowers of very pure and dainty colors, ranging from ivory-white — 
to rose-red. Some of the plants had been taken up in the fall and 
removed to the house for winter bloom, and here, too, the Vienna was 
very pleasing. These hardy carnations will live on from year to year, 
although so good results cannot be expected from the subsequent sea- 
sons of bloom, and it is best to raise new plants from seeds. 


SHED. FOR STRATIFIED SEEDS. 


Seeds of fruits and nuts and many hardy herbs usually germinate 
best when placed in moist soil and subjected to frost. It is the practice 
of gardeners to place such seeds in boxes between layers of sand, and 
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to expose them to the weather. Such seeds are said to be stratified. If 
more than one layer of seeds is placed in the box it is with the inten- 
tion that they shall be sifted out the next spring and sown; but for 
all small parcels of seeds, such as usually fall to the lot of the experi- 
menter, it is better to sow them regularly in boxes, and then expose | 
them during the winter, allowing them to germinate without re-sow- 
ing. Some hard seeds will not germinate under two years, and occa- 
sionally they require even more time ; but the boxes are kept clear of 
weeds, and the gardener abides his time. 

With experimenters and others who have choice and often hybri- 
dized seeds to grow, it is a serious question what to do with these 
boxes of seeds, and how to keep a record of them. If kept in a 
building, they become too dry during winter, or if the seeds grow, 
the young plants are likely to die for want of light. If put out of 
doors, shade must be provided to keep the boxes moist and to prevent 
the young plants from becoming scorched by the sun; and the boxes 
are likely to get upset, the labels ‘broken off or blown out, or the 
rains may wash out the seeds. We have been in the habit of placing 
these boxes under trees, where they make a convenient sitting place 
for workmen, and the labels afford entertaining whittling; and, 
more than all, the birds drop seeds into the boxes and destroy the 
value of experiments. We were much delighted with curious results 
which we got from boxes of hybridized raspberry and blackberry 
seeds; but when one raspberry box came up to strawberries we 
began to think that someone or something had taken an interest in 
our investigations. 

But we are no longer troubled. The picture shows the shed in 
which we keep our stratified seeds, under lock and key. We call it a 
Seminarium. The roof is tight, but the sides are covered only with 
galvanized wire netting. The meshes in this netting are never more 
than a half inch, so that mice are excluded. The rains and snows beat 
into the place, and when the seeds germinate, the plantlets find light 
enough for their purpose. A record-book goes with this Seminarium, 
with columns for the entry of the following items: Name of sample ; 
where from; date of sowing; number of box or pot; by whom 
sown; when transplanted ; permanent quarters. The house is used 
also for the storing of cuttings, which are planted in boxes, the same 
as seeds. Such quarters are indispensable to any institution where 
many seeds of hardy plants are sown, and especially where experi- 
mental inquiry is attempted. 


A Handy Seed Shed. 


Border Carnations — The Vienna. 
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WHITEWASHING WITH THE SPRAYING PUMP. 


The use of Bordeaux mixture in the spraying pump suggests that 
the machine can be used to good purpose in spraying whitewash upon 
greenhouse roofs, barn hasements and fences. We now apply all 
the whitewash upon our larger glass roofs by means of a pump and 
nozzle. The whitewash is made in the ordinary manner, of lime ahd 
water, and is diluted to about the consistency of thin cream. If a 
large surface is to be covered, especially if it is difficult to reach, 
a direct delivery nozzle, like the Boss or a common discharge nozzle, 
is used, and the operator stands several feet away. But if it is desired 
to cover the surface evenly and neatly, the McGowen nozzle is most 
satisfactory. 


A POTATO PRESERVER. 


Last spring a prominent seedsman sent us a sample of potatoes, cut 
for planting, in very small pieces, and thickly coated with a white 
powder. These tubers were obtained from a dealer in potato novelties 
in the west, who said that he had discovered a material which would 
prevent the pieces of tuber from shriveling, thus allowing the seeds- 
man to cut away most of the flesh of the tuber and to send the lightest 
possible bulk through the mails. A chemical examination of the 
material, however, showed it to be only ordinary land-plaster (calcium 
sulphate). Farmers often dust plaster over freshly cut seed-potatoes 
for the purpose of absorbing the moisture and rendering the tubers 
easier to handle ; and it is possible that the coating of plaster, when it 
dries upon the tuber, may prevent the loss of moisture and delay 
shriveling, but its advantage in this respect must be small. 


L. H. BAILEY. 
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DETAILED 


STATEMENT 


OF THE 


Receipts and Expenditures of the Cornell University 


Agricultural Experimental Station, for the 
Fiscal Year Ending June 30, 1892. 


1892. 
Oeti (17 
Nov. 11 

1893. 
Jan. 5 
Feb. 14 
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March 13 
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. One hog 


26. Three lambs 
May 31 
June 10. Eleven sheep 


Total for agricultural division 


1892. 


July 25. Sundry vegetables sold 
Aug. 5. Sundry vegetables sold 


_ 1893. 


Jan. 7. Sundry vegetables sold 
1. Hauling coal 
Feb. 1. Hauling coal 


From Horticultural Division. 


RECEIPTS. 


From Agricultural Division. 
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1893. 
Biaiy sh. ALAMING SEGAL) 26, dja.) acetates seer ax as seekers ae | $58 13 
ShicHanling “coal ea eats hace pa ie ee 32 16 
April 3. Sundry vegetables sold...................00. 33 00 
May, 2. Sundry vegetables sold x3. ah y.6 348th 5 00 
Total from horticultural division .....\......0....-5<-: $292 88 
EXPENDITURES. 
For Salaries. 
1892. 
July 31. I. P. Roberts, director, one month............ $125 00° 
H. H. Wing, deputy director, one month...... 166 66 
L. H. Bailey, horticulturist, one month ....... 166 66 
Geo. C. Watson, assistant agriculturist, one 
Month assis TF ga sell ease ee Oe ee 83 33 
M. V. Slingerland, entomologist, one month ... 83 33 
L. C. Corbett, assistant horticulturist, one month, 62 50 
G. W. Cavanaugh, assistant chemist, one month, 66 66 
Aug. 31. I. P. Roberts, director, one month............ 125 00 
H. H. Wing, deputy director, one month...... 166 66 
L. H. Bailey, horticulturist, one month........ 166 66 
Geo. C. Watson, assistant agriculturist, one 
OMG Sci nieatatis fa. 55s Wi Niele tg hc) eee 83 33 
M. V. Slingerland, assistai.t entomologist, one 
MNOMGH 2 oviewits 20. sie ten aoe eres SR ae 83 33 
L. C. Corbett, assistant horticulturist, one 
MONG 44.485 Vode wrens + om Cee eee ee 62 50 
G. W. Cavanaugh, assistant chemist, one month, 66 66 
Sept. 30. I. P. Roberts, director, one month ............ 125 00 
H. H. Wing, deputy director, one month...... 166 66 
L. H. Bailey, horticulturist, one month........ 166 66 
Geo. C. Watson, assistant agriculturist, one ; 
IMOMtAY iret. -.. | 2) lace a sens ammtetete acc vad Cement 83 33 
M. V. Slingerland, assistant entomologist, one 
THROUGH), ig Greases sat 3 Sais ages eats scan Riek eee 83 33 
L. C. Corbett, assistant horticulturist, one \ 
MONG iy ee iy les HRA: AER ee 62 50 
G. W. Cavanaugh, assistant chemist, one month, 66 66 


1892, 
Oct. él. 
Nov. 30. 
Dec. 31. 

1893. 
Wan. 81 


Recrrts AND EXPENDITURES. 


I. P. Roberts, director, one month............ 

H. H. Wing, deputy director, one month ...... 

L. H. Bailey, horticulturist, one month........ 

Geo. F. Atkinson, cryptogamic botany, one 
PHOT Daisy aie) Sharer e slevatale: «sac Diheapaddiet see )ally 

G. C. Watson, assistant bec: one 
month dy Hage Nete es o> oa SRST Fakejls!= 's\o\lenclen. 3 


sind Shel anette jaro "ese 'asavloewa nae A os oa’) alate on ae ree 
L. C. Corbett, assistant horticulturist, one 
74803 0) 1 el ee PD ed 7! a 
G. W. Cavanaugh, assistant chemist, one month, 
LB. Roberts, director,-one month js) iio). y 
H. H. Wing, deputy director, one month...... 
L. H. Bailey, horticulturist, one month........ 
Geo. F. Atkinson, cryptogamic botany, one 
PIV Gay Fe es ce Na ican he oot Rah Arig SPAS praca 
Geo. C. Watson, assistant agriculturist, one 
PENTA Ly! ese Neb aN tad bh Rae Ck EU al 


MUUGHELEENLYS sj ne hate asx b Bale) s Seaver ato eaciilhaeh eRe ah 
L. C. Corbett, assistant horticulturist, one 
PULOWILID SF ete eveke. HORM, waaartestats los el taterasial eis 
G. W. Cavanaugh, assistant chemist, one month, 
I. P. Roberts, director, one month ............ 
H. H. Wing, deputy director, one month...... 
L. H. Bailey, horticulturist, one month........ 
Geo. F. Atkinson, cryptogamic botanist, one 
PIO a eo Mae sila’ dc nishern aredal oe ave, ota ehenebene 
Geo. C. Watson, assistant agriculturist, one 
OTC aia Meaty Oa. ea aaarsere Was 


BIL GHLPEL : esas Oras epee ates asian Scan 
L. C. Corbett, assistant horticulturist, one 
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I. P. Roberts, director, one month.... ....... 
H. H. Wing, deputy director, one month ....., 
L. H. Bailey, horticulturist, one month....... : 
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1893. 

Jan. 31. Geo. F. Atkinson, cryptogamic botanist, one 
month: Ay Mise? 2 Bare Hale iatolals por arate a, v se ae 
Geo. C. Watson, assistant agriculturist, one 
Mons in  Mee a AE A. oe ae 
M. V. Slingerland, assistant entomologist, one 
month) Pe Ga... s Babies. ae awed 
L. C. Corbett, assistant horticulturist, one 
THOME Lethaee .. 3. SEN ets: SNe eae ee 
G. W. Cavanaugh, assistant chemist, one month, 
Feb. 28. I. P. Roberts, director, one month ............ 
H. H. Wing, deputy director, one month...... 
L. H. Bailey, horticulturist, one month........ 
Geo. F. Atkinson, cryptogamic botanist, one 
‘ WRUOTUE | 5! 12 aos eA Soe ees kere ee che tac a ee 
Geo. C. Watson, assistant agriculturist, one 
WONT Gs FT Y TOs, dee Reena, Seren 
M. V. Slingerland, assistant entomologist, one 
month. S30, aie Witmer eT Sah "ate a Bale, SRO 
L. C. Corbett, assistant horticulturist, one month, 
G. W. Cavanaugh, assistant chemist, one month, 
/ March 9. L. C. Corbett, assistant horticulturist, one-third 
TOT A Ag sash ci kee tees Be SMTA coke Some 
31. I. P. Roberts, director, one month............ 
H. H. Wing, deputy director, one month...... 
L. H. Bailey, horticulturist, one month........ 
Geo. F. Atkinson, cryptogamic botanist, one 
month 3502 Wh, ee EVER Aen Panes nee 
Geo. C. Watson, assistant agriculturist, one 
PAO GIN oe 01.0004 coh bv. akch erento. ptmleen, i. ck kee 
M. V. Slingerland, assistant entomologist, one 
TOUGH fo os | Fore igen ts estry ok nnn or lol iedeperale Mean 
Geo. W. Cavanaugh, assistant chemist, one 
TONED MRA... «ce das Ade aie ean Dieta 
April 30. I. P. Roberts, director, one month............ 

H. H. Wing, deputy director, one month 
L. H. Bailey, horticulturist, one month........ 
‘Geo. F. Atkinson, cryptogamic botanist, one 
INOUE pb. te ETT anes eeu ore tanita 


Geo. C. Watson, assistant agriculturist, one 
NOMEN i ace eh oes Bien ae ah co: SR ORS RE 
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1893. ‘ 
April 30. M. V. Slingerland, assistant entomologist, one 
month oh 25 2 re ISU ae ean Gece Te Dee $83 33 
G. W. Cavanaugh, assistant chemist, one month, 66 66 
May 31. I. P. Roberts, director, one month............ 125 00 
H. H. Wing, deputy director, one month...... 166 66 
L. H. Bailey, horticulturist, one month........ 166 66 
Geo. F. Atkinson, cryptogamic botanist, one 
DPONEN Aa pam erc sds seanelee es Wow a deen 83 33 
Geo. C. Watson, assistant agriculturist, one 
MO WGHE Ree haha «cette eter erat anne ade Sik beats a eh 83 33 
M. V. Slingerland, assistant entomologist, one 
001 gee MRE URL SPROUL Dy 615 208 83 33 
Geo. W. Cavanaugh, assistant chemist, one 
MOTH} a VEE ate eens a aale cater S ordhale Mrelatrete old. 6 66 66 
June 30. I. P. Roberts, director, one month... ......... 125 00 
H. H. Wing, deputy director, one month...... 166 74 
L. H. Bailey, horticulturist, one month........ 166 74 
Geo. F. Atkinson, cryptogamic botanist, one 
lomth sch hive, caer ea Me tate a oie) 83 37 
Geo. C. Watson, assistant agriculturist, one 
PNG PE reeset keene ds toatl ee Ray es rane 83 37 
M. V. Slingerland, ‘assistant entomologist, one 
EOMBUIE os Ba, ators a ds SAD dent 2 Bini Sete cole nea es 83 37 
G. W. Cavanaugh, assistant chemist, one month, 66 74 
MOURN LOT CRMIATION S52 is iats-uia's 65th) aa Moigielaee wind craw «| dae $9,570 84 
For Buildings. 
1892. 
July 12. A. A. Terrill, repairs. on barn. .........4....5 17 64 
AP ptal aw BUR CIR yy cate) hese eS cine ates «6 > ete bes $17 64 
For Printing. 
1892. 
July 6. Adams Express Co., expressage.............. 50 
A 12. W. F. Humphrey, 9,000 copies Bulletin No. 38, $333 00 
Ba) Geo. Aes ICM OP AWIADS ite a dei. «ss oe me's sheiwie 12 00 
11. Rural Pub. Co., engravings..... M,N ah eae 25 50 
TSS E aN, 5 Excpe Crs MMe ty, scarey <gsi<'<) ole oniet oak joiatore 75 
16. Adams Express Co., expressage.........+-.. : 75° 
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1892. 


Aug 


Sept. 


Oct. 


Nov. 
Oct. 
Nov. 
Oct. 
Nov. 


Dec. 


5. Adams Express Co., expressage............00- 
3. W. F. Humphrey, 10,000 copies Bulletin No. 39, 
3. W.F. Humphrey, 10,000 copies Bulletin No. 40, 
3. W. F. Humphrey, 9,000 copies Bulletin No. 41, 
4, Rural Publishing Co., engravings............. 
$9., John, Ailen,, drawal os. eres)». fou cw wieliinm erelaals 
3. Philadelphia and Reading railroad, freight.... 
6. National Express Co., expressage............. 
12. W. F. Humphrey, 8,000 copies Bulletin No. 42, 
12. W. F. Humphrey, 8,000 copies Bulletin No, 43, 
16. Rural Publishing Co., engraving ............. 
10, Andrus & Church, circulars); oi 'y i... wales 6 oes 
19. Adams Express Co., expressage..............- 
14, Philadelphia & Reading railroad, freight...... 
28. Rural Publishing Co., engraving.............. 
99. Geo. A.) Kang, drayanigei( $2 sie hic aceicoie - ote rites 
... Adams Express Co., expressage..........0000- 
20. Geo. R. Chamberlain, drawings............... 
24. Effie E. Slingerland, drawings..............-- 
26. Rural Publishing Co., engraving............. 
97. U. S. Express'Co., expressage si... sf. ewe 
31. Adams Express Co., expressage.............4. 
26. Lovejoy Co:, electrotypes.. .. 2... 0. oWsle bent 
28. Rural Publishing Co., engravings............. 
1. Western Union Telegraph Co., message....... 
24, National Express Co., expressage............. 
24, Philadelphia and Reading railroad, freight.... 
29. National Express Co., expressage............. 
... Adams Express Co., expressage.............. 
1. W. F. Humphrey, 8,000 copies Bulletin No. 44, 
12), Anna: 8. Comstocks drawing 2... svi.) nawicemes ays 
13. W. F. Humphrey, 8,000 copies Bulletin No. 45, 
8. Rural Publishing Co., engravings............. 
16. Effie E. Slingerland, drawings................ 
15. Adams Express Co., expressage............06. 
20. Philadelphia and Reading Railroad Co., freight, 
27. U.S. Express Co., expressage.........-serees 
iy eas Ps Bret Sa 8,000 peas Bulletin No. 46, 


65 
48 


ee ee 


1893. 


Jan. 16. 
. Rural Publishing Co., engravings ............ 
s eblda hodeman, drawing. sila d <6. « aiele emleha 
. Philadelphia & Reading railroad, freight...... 
. W. F. Humphrey, 8,000 copies Bulletin No. 47, 
. (Pa doy railroad, freight, .<).'.") 54% Gaara eho, tes 
. Rural Publication Co., engraving............. 
. W.F. Humphrey, 8,000 copies Bulletin No. 48, 
Heb.” », 6. 
. Lehigh Valley railroad, freight............... 
. National Express Co., expressage............. 
esr) 1. 
Feb. 25. 
. W. F. Humphrey, 9,000 copies Bulletin No. 49, 
MD EAP ad) Ah EMDR tess Oa 2170) Se a At a a 
Mar. 4. 
. National Express Co., expressage............. 
. Effie E. Slingerland, drawings ............... 
. Rural Publishing Co., engravings ............ 
. United States Express Co., expressage ........ 
. United States Express Co., expressage ........ 
. National Express Co., expressage............. 
. Rural Publishing Co., engravings............. 
. United States Express Co., expressage......... 
. Western Union Telegraph Co., messages...... 
Jan. 3. 
Mar. 23. 
April 1%. 
. W. F. Humphrey, 8,000 copies Bulletin No. 50, 
. W. F. Humphrey, 8,000 copies Bulletin No, 51, 
. Rural Publishing Co., engravings. ........... 
. P. & R. railroad, freight ....... dd hs ROS 


May — 10. 
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. Rural Publishing Co., engravings............. 
. Lovejoy Co., electrotypes..........000....054 
. Adams Express Co., expressage.............. 
. Rural Publishing Co., engravings............ 
. National Express Co., expressage..........64. 


Adams Express Co., expressage..............- 


Wea) ks Glos Oem WOO ears sche <clle' aida « otblel since! aye 


United States Express Co., expressage .... ... 
Rural Publishing Co., engravings ............ 


z ° 
National Express Co., expressage............. 


Bik’. W hite;- photographs’. 020020... Sa 
Rural Publishing Co., engravings ............ 
Wis EeDole, dra wie. fH. 208 PS Se icict eal 


United States Express Co., expressage......... 


. Rural Publishing Co., engravings............. 
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144 00 


280 38 — 
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1893. 
May 18. W.F. Humphrey, 10,000 copies Bulletin No. 52, 
24. W.F. Humphrey, 8,000 copies Bulletin No. 53, 
23. P.& VR. railroads freight). ie eerste 
June 1. Hilda Lodeman, drawing .................00. 
Lotal: for printing: dete » 2s eee se «vy ese es 
For Office Expenses. 
1892. 
July. 21.;Bush’& Dean, towel... iigueves << o0't closets 
29. Enz & Miller, 43,000 envelopes .............. 
28. New York & Pennsylvania Telegraph Co., 
PO BASAIPO <0), toege ys ap ieters 1 wins ota er anait clowis, fos, oh 
Aug. . 5. Postmaster, 250 stamps .....0. 2.5 essen auees 
11. Andrus & Church, 1,000 letter-heads ......... 
8. Andrus & Church, 44,500 envelopes .......... 
13. Andrus & Church, stationery ............... 
Sept. fil. BONS Ehrhart, Tabor ic aie Gwaaiisas alee bia ald 
Noy. 30. Western Union Telegraph Co., message....... 
4. New York and Pennsylvania Telegraph Co., 
POORER WON 0.2 Fa alone s atte aete cee atop tebe ald 
Dec. 8. Andrus & Church, 2,000 envelopes............ 
6, AH: Ge lance, cartage is :...¥s pissieer oe we ahis bie 
90) Janes bs Parker, Labor: {iia\s mc tiacsacteteotes eee 


23. United States xpress Co., expressage 
. H. H. Wing, stamps 
. Andrus & Church, stationery 
. Nellie G. Works, labor 


. Postmaster, stamps...... 2.0. ceeees 
. Andrus & Church, paper 
. Andrus & Church, binding 
. Andrus & Church, stationery 
Feb. 15. 
. Andrus & Church, 1,000 letter heads...... 
. United States Express Co., expressage 
. National Express Co., expressage............. 
. Andrus & Church, stationery 
. Geo. F. Lasher, postal guide 
. Andrus & Church, dictionary 


ee ee reese 
eeneeereeee ee ee eee si eee eee 
ere reo ee eee eeeee 


eoeoerer eee eee ee ee ewe eee ne 


G..-O.) Watson, stamips sib iets Wk aweneee 


eee reer 


eee eee ewe eee eeee 
Ci Oe a a Oe en 


6 .@ © Ge 650) 6 ly 06: 8 eee e 


$172 
206 


m~™ bb 


00 
50 


.. 023, 538% Be 


a 


SN eee 
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1893. 

Mar 2. Andrus & Church, 1,000 letter heads.......... $3 25 
wes Postmaster, GOO( stamps... veteiiss'fp dale ole eels ote 10 00 
18. Andrus & Church, stationery ................ % 91 
28. Felt & Tarrant Mfg. Co., comptometer........ 125 00 

92. Association American College and Experiment 
Station, MOMBPELMINP is vila o's feu de held vavote 10 00 
30, Andrus & Churehy paper sei... 0s cick es isle 2 50 
April 6. Andrus & Church, pamphlet cases ........... 5 00 
8. W. O. Wyckoff, repairs to typewriter......... 5 23 
8. Franklin Phon. Institute, note books.......... ; 1 50 
24. Andrus & Church, stationery .............4.. 12 50 
99°" Nellie: Works, labor's’) ¢ (uP Paog dewey sips 2.015 31 25 
' 25. Western Union Telegraph Co., message....... 29 
May 17. Postmaster, stamps!) 2... see eee a eels 15 00 
ange to hostinaster, Kiana ul ase be cycle a toate els on 8 00 
15. United States Express Co., expressage ........ 30 
17. Andrus & Church, stationery ................ 88 
14. W. O. Wyckoff, typewriter ribbon... ....... 1 00 
Wotal-for office expenses..\. 2 seis b aleve v0 ogg + oem ald ole $673 95 

For Agricultural Division. 
1892. 

July 8. Treman, King & Co., sundry hardware........ $8 17 
8. D. H. Roe & Co, Babcock Milk Tester........ 13 85 
16. Andrus & Church, stationery ...............: 3 75 
19. J. Carbutt, photographic plates .............. 6 25 
20. United States Express Co., expressage........ 70 
Aug. 22. Emil Greiner, milk pipettes.................. 85 
Aug. 18. D. H. Roe & Co., one gear wheel ............ 30 
July 16. D. L. & W.R.R., freight... 2. .0.05...65.- 92 
Aug. 29. Vermont Farm Machine Co., Cooley cans ..... Lae 
Sept. 23. National Express Co., expressage............. 25 

6. American Carbonate Co., twenty pounds car- 
MACUL TS aya, oc cokabtsiha asics gaan - ake o's. lave 00 
Aug. 25. Baker & Adamson, one carboy sul. acid....... 20 
Sept. 21. W. U. Tel. Co., message .............-2.000- 25 
DA. My) Liste W atkes ke., fren nee es o's oul alte eS 25 
30. Geo. Whipple, labor .......-.... PEC RIAN ephs 35 00 
20.) Geonssusitaborieiiic,. i'l cuitielsstd (0/8 al baled alee 35) 00 
nO Geos Wiesner Obh, IPO: 12), sisleh cals blood aS a Rede a 35 00 


358 
1892. 
Sept. 30. Wm.:Cummins, labor: 0.05.0. 0 000. eae shy $34 
30.) RD) Roberts; labor...) eta 2 Bc hate 18 90 
3 (Wiel rh Rl Ca cf s-1 1 a tae eS ALR bus 45 
24. American Carbonate Co., twenty pounds car- 
oolic acids. FER), s a\alerd oi 'Si7s naa teete 8 Cl ee eee 3 00 
23. Leavitt M’f’g Co., dehorning clippers ........ 6 00 
Oct. 1. A. B. Bogardus, fourteen sheep .............. 21 00 
4, Emil Greiner, Babcock test bottles............ 5 15 
1. We Li Beanailaborey). oS abies oi. Soars cee oe 5 00 
Nept: 30. :Driscoll Bros., cenient ) site be t.'. 2 nse clase 13 50 
Aug. 8. White & Burdick, asphalt varnish........... 11 50 
Sept. 28. National Express Co., expressage ............ 1 00 
Nov. 4. Jamieson & McKinney, rubber hose .......... 2 55 
7. Treman, King & Co., galvanized iron pans .... 4 00 
98. E. McGillivray, photographic plates .......... 2 50 
18. American Carb. Co., express charges paid...... 1 00 
Dec. 3. National Express Co., expressage............. 95 
1893. 
Jan ON Aa EP UNV aniver “Peed yi. alct. Sai teel ltl ie ar eae 2 81 
16. National Hxpress Co., expressage............. 
5. American Glucose Co., feed.........c0.ccc00- 36 00 
6. Ithaca (Gas Tacht Co., coalitar >.) ). takes heme 1 50° 
20. Baker & Adamson, one carboy sul. acid ....... 44 
18. Kellogos d& sMaller; feed): eter ..i/. ah. Suede s ater 54 00 
93). Cog N: RR. RR, freighty..).7).ishraeih Fe sia) 2B 4 80 
Reb.) (800. & UR. Ry, freighiey. § ty meas jetted. oe picts ae hi 66 
Jan. 26. Pottstown Iron Co., odorless phosphate ....... 1 50 
11. W. L./ Mitchell, service;boar . if o).). 6 sac. deen 9 00 
Feb. 10: Emil Greiner, milk pipettes...........20.h.0% 1 23 
13. U.S. Hxpress (Cos expressage 5). if.U/ cha. 1 60 
14. Bowker Fertilizer Co., meat scrap ............ 34 00 
91. J. M. Thorburn & Co., tobacco seed .......... 90 
18, P) i Rit. yy freight af. Roe ea 1 
18) Da ChigoeN., Rivk., fremht Yenc a Nien ee 4 70 
24, Chas. H. Dodge, milk strainer ............... 50 
23. Schuyler Grant, one cylinder of gas .......... 4 00 
98... sda NW be. | Ee. EPeROHE 2. ed are Uetiata ane 61 
March 1. Otto Benecke, fertilizer ................00.00. 3 80 
16. Emil Greiner, Babcock test bottles............ 7 65 
27. W. Atlee Burpee & Co., tobacco seed......... 44 


AGRICULTURAL ExpERIMENT Station, IrHaca, N. Y. 


neg oe 
=. -s— 


1893. 

April vol: Di M. erry & Coy, rapeseed.) ee. $0 30 | 
March’ $0: ‘Treman, King’ & Co.,‘oilean.. os 30 

April 20. J. M. Thorburn & Co., crimsom clover seed... 50 

D9 Wk Be eaTsOR, labOrtie teva s MAMIE s Wg eS 19 40 

EOP Bo Fi? Fos, erel@g ys okidie ss | Lee itn ee 61 

21. Treman, King & Co., sundry hardware....... 95 

14. Moro Phillips Chemical Co., sul. of am ....... 10 15 

May 15. United States Express Co., expressage........ 50 

June 7. United States Express Co. expressage........ 45 

8. Peter Henderson & Co., cow pea seed......... 73 

972A, (He yWwane, tobacco plants cuits... wee 1 00 

be eran zer, Teed Jie eos cs eaters aly so culate 5 16 

Potal for) agricultural’ division)... 7). sii. disci tpe ey os). « $496 45 

For Horticultural Division. 
1892. 
July 8, E. and H. T. Anthony & Co., photographic 

BIAIO Me ais Sch 1G iat hd nictien te: siatePahati a stealer we aay does $1 85 

Sieh 0G) ‘Cleaves: blue: print; paper .)./'<2 2.64 //. «cls's 8 32 

Si) Fudsoir ao: COs Stakes: wis <i, <087 sas ee Re ota eae 10 381 

8. O. J. Rumsey & Co., sundry hardware........ 7, GDh tne 

13. United States Express Co., expressage......... 1 00 

16, donn meidy, picking berries... 3)... odes 3 01 

16," Phomias. Hedy, taborcc is semi e St hieie we eee 4 3 46 

16-©. J; Sheelian, pieking berries.) i.ty 6... aha 2 90 

16. F.S. Sheehan, picking berries... 2.2... 2.3. 45 

16. Albert. Shaw, picking berries.) 6a... 2 ced... 1 60° 

18. S. Vandevere, three bushels potatoes ......... 75 

6. Farmers’ Fertilizer Co., bone flour............ 11 00 

19, J. Carbutt, photographic plates... 2.........../. 9 00 

16. Bernard Gallagher, picking berries.. ......... 2 02 

20. United States Express Co., expressage........ 75 

92. Thomas Reidy, picking berries............... 3 00 

to) Ee Btannion; repairs sss Wiens. 27s, af ae scare 75 

gn. Adfred Bridgeman, seeds a clae sie" 2s ails «ie ni- 45 

Oy, “We ward), xillet te, Plants si smut.) «, sisiels wialala, bee 1 75 

29. H. A. Williams Manufacturing Co., nozzles.... 75 

96. J. M. Thorburn & Co., seeds.......-...ceeee 2 Ol 

99. Ba Wien ktames borer jettane at shelve lepers lie Bs)ae 35 74 

30. Thomas Reidy, picking Bence! a eararctonen sega an akarell _ 2 60 
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360 AgricvLrurAL Exprrment Srartion, Irnaca, N. Y. 
1892. 
Jaly.< 230. Wm” Westcott, labors. Scien oe dol clock ee t 
23. National Express Co., expressage............. 
26.. Henry A; reer, seade-n <2 0ihecr Aste Mats a6 See 
August 2. Thomas Reidy, picking berries... .. Baie sata iss 
SO) AW. (Card: labore... ute.) seen bate oe sete 
11. Thomas Reidy, picking berries. ............. 
8. United States Express Co., expressage......... 
12. Dan. Sullivan, picking berries............ ... 
6. National Express Co., expressage.............. 
5. L. H. Bailey, traveling expenses.............. 
1. EK. & H. T. Anthony Co., negative preservers .. 
oo, James Hay, labor.) 1 si. 42.0 eak Ss ok bole 
8. Dennison Manuf’g Oo., fish glue...... ....... 
July 15. L. C. Corbett, photographic plates............ 
12. Andrus & Church, mounting paper............- 
June 27. Andrus & Church, blank books............... 
Aug. 1. Fish & Hulett, berry baskets. .............0+% 
pepte. 1. Wilhant, Westcott, labors <.'. ois ees <a ea ee we 
Aug. 27. J. Carbutt, photographic plates............... 
24. National Express Co., expressage............. 
July 27. White & Burdick, chemicals................. 
Aug. 27. E. & H. T. Anthony Co., photographic plates... 
Sept... 18. Samuel: Raub; labor. 3... 1. <y peine Mae, eee em 
1, A.B. Seymour, eronomic fungy,.). ..s ae «<< ee 
20. Adams Express Co., expressage............... 
Gein i. Wilham ‘Westeot, labolacs.¢-serbke Geeee aes 
R ea Xarover, labor: |. 2. Se taaies tlre tiara one eet 
10. U.S. Express Co.} expressage oj. oo). 82 be ecmate 
Aug. 31. James Seamon, moving boiler...............-. 
Oct. 11. Dennison Manuf’g Co., stationery.............. 
11, dohn As Seolley, witty WUG8.6 sh <tc, cecum eke, Steg 
7. J. Carbutt, photographic plates...............- 
15: U. 8. Express'Co., expressage........i00..-- : 
12. Adams Express Oo., expressage.............00- 
Sept. 30. James Seamon, window frame...............0- 
otena2, (WoW Cardy anor: 5 2b c clits icine vo ances ae ees 


27. H. Mitchell, hay 
25. U. 8, Express Co., expressage 
29. Adams Express Co., expressage 
81. William Westcott, labor 


#00 @ eveie<6 0's 6. G20 0 » ews o, Siee 6 6 = 


ee | 


©, bye 6 4 'e 2 6 6 0 Po RS 0 019) 8 Bre 


March 


April 
Feb. 
April 
May 
April 


\ 
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be US: Mocpress CoMexpressage’. <5. cls dieiaetiaate 
Reka: V coVEati® STA REOR ac eiala mys niu vith Syelias wi ayodid wate 
. Pritchard & Son, wagon repairs..... Os PRIN 


Dennison Manuf’ Co,, glue 23. is we ee 


. L, J. Farmer, strawberry plants.............. 
. National Express Co., expressage............. 


be Wthaea, Gas LiehaiOo., casi ball...) sje <1eeie roves aie 


. Bloomington Phoenix Nurseries, trees......... 
1a, Aor Ohaseran Co., TAME VINES «|... /s-c0 see es 


. Adams ass Co, GX PTORSAME Aes wahaiesi''s''s)s ap 
Sev Eitan VWVestcOtt, Labor. 2c. . ightage eect «sere 
. E. G. Lodeman, postage stamps.............- 
ae WV illvams Wiest@ott. Labonte sce 2 \%.%0 else tells ve. ara ee 


Wim Wresteott, lA DOR. © cccvecox berks ha 6 deesy|iaca eeecats 
Ithaca Gas Light Co., gas bill.............04. 


. Wm. Westcott, labor........... ee ta ee 


Tea GRGVverela pars. a) Sis. wale bes whoa! « Bs cu ehetrve Sens 
Oran Houlkess AbORo 5 50s asigiilereien ad cpie e's Maas 
EE pM OOTEs ADOT? . Sale icioy> <la.s sim w\'s'e ade ccke Sell ote 
dG: Bia elapor., bo Aid « fave ecetel es 


. Treman, King & Co., galvanized wire......... 
Wahi er OULCOS) MADOPs Ais ccc d deh wiviert tard ol aiale: deme s 
fhe Grover, labore: ie 8 ok een 4 Ache pone 


Andrus & Church, stationery ..............6.- 
Ju Me Rhotburn as Oo.) seedawver it Ps a 


. Andrus & Church, 300 postals and printing ... 


Peter Henderson & Co., seeds.............05- 


bed) Ma Thorkurn d,60:, Seeds yet wr. Si Pe Re 


Ss: J. MeKinney. plumbing [2.0 wate vies is stlaha 


Samuel, Watson,seedeie.-; soc Simei. bot a ee 


United States Express Co., expressage ........ 
W. A. Morrison, spraying nozzle ............ 


. Mi Jonesy desideratas, 5 2.4 Moje 4 ele ew ol Woe ve 
. C. Hisley, plants ........... 0 Ee ae HES 
| Piligdiattaand “3.07 Reees oe cel aCe g 
. Delaware, Lackawanna and Western Bailtond: 


LVOLGNG Soy Pa RIG WAMiatoatea lol tore betes wire 
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60 
15 
55 
75 


5 35 


70 
19 
35 
32 
40 
35 
95 . 
65 
00 
00 
00 


00 
28 
40 
00 
52 
00 
80 
46 
00 
00 
55 


4 31 


mn co et mt bp 


75 
14 
90 
65 
50 
85 
25 
00 
00 
00 


60 


362 AgricutTURAL Exprrmment Srarion, Irnaca, N. Y. 

1893. 

May 11. National Express Co., expressage...........0. $0 40 
ioral? v2. 0s Cogs IN RY TR ireteehg see Pan 1 08 
May 5. United States Express Co., expressage ........ 1 55 
6.7, Boke, Fo aes Parent Pe 05 dae prs Da 1 08 
10. J. Carbutt, photographic plates .............. 8 33 
12. United States Express Co., expressage ........ 1 65 
5. ELOY Powell, Aiey staripaee sal. eeene 1 00 
Aone: |) le) CLT. Woulkkesmabor 2b. slimes. . htct here ees 25 96 
Le dra Guovervabor . |). ssa, | Se te ae 36 35 
1. Pid Ree: freiehG) 2A eee, -.), eae sakes 4 05 
May 23. J. Carbutt, photographic plates.............. 3 31 
Janene Oy moulkes, labori ics co oe Pies. ke 5 30 
Bay, (22, To Eno gers) drawimes ily. tee eae oe, 5 00 
June 10, National Express Co., expressage............. 50 
10. “EK Snyder, sixty Dushels oats.) 3.'. oo:0k, tae 27 00. 

13. Delaware, Lackawanna and Western railroad, 
DETER G Ce ik SR he negara sits cae ee a ee a 1 30 
96. Tra. Grover, labor ou. ois Fie ec ak ee ee 15 38 
26, dra S. Grover, labor 302 ica cau thei antes 35 00 
Total tor Horticultural. division’: (3/0... «<!csee wen $996" 06 

For Entomological Division. 

1892. 

July 12. Robt. Leitch & Sons, repairing pump......... $2 00 
14, Adams Express Co., expressage .............. 55 
nee). Nhe WV. Homage, “la DOE ale leh. vtalt Aae:s cir oie np 8 20 
July . %. National Express Co., expressage ............. 55 
30. Andrus & Church, stationery .............06: 35 
9. HK. McGillivray, photographic plates .......... 90 

Aug. 9. Bausch & Lomb Optical Co., microscope repro- 

GUCEIOUB care. .’s\e, sn se)einieimbel ee Ge ents nae ote e 1 88 
Sept 1. Wie Rumsey, Tabor,.\ix tid ee ee hie ieieie 15 60 
Aug. 29. Andrus & Church, stationery ../t 2.250.200. 84 

29. Arthur. B. Brooks; sandriess oy eis siete dele oe 4 45 
pept. ~ 13.) White. & Burdick; sundries x, gach i.tcn earns 88 
10. Andrus & Church, stationery ..............0. 86 
26. Treman, King & Co., hardware .............: 92 
Oct. 1. WH. Rumsey, labor icin ieee. |. ak senere a 22 70 
13. J. D. Hagies, photographic plates ..........0. 3 30 


. J. D. Eagles, photographic plates 


6. P. & KR. RK. RK. Co., freight 
. D. B. Stewart & Co., one barrel oil 
. J. D. Eagles, photographic plates . 
. Treman, King & Co., hardware ... 
June 4. 
eee. NEE eethibtey I WOr cc es 6 fae. 
brie, Wee. Herrick pig 2. eta! 


. Silas Wilson, sundries . 


Receipts AND EXPENDITURES. 


. N. Y. & Pa. Tel. & Tel. Co., rent . 
. Treman, King & Co., hardware 
. W. E. Rumsey, ‘labor.......... 
. P.& R. R. R. Co., freight 
. Hammond & Willard, trees....... 
.P.& RR. R. Co., freight 
LOW . Be Rmeey,, labor avai s:..w'< 3 
. J. D. Eagles, photographic plates . 
. Andrus & Church, stationery 
. Andrus & Church, stationery 
. AB; Brooks, sundries.)25o) 3000. 


seeoeeee 


-eee8e 


. Andrus & Church, stationery ..... 
. Treman, King & Co., hardware 
. Andrus & Church, stationery 
. Andrus & Church, stationery 
. J. D. Eagles, photographic plates . 
. Andrus & Church, stationery 
1G. -W.. Herrick, labor to 4A 20 
. Treman, King & Co., hardware 


eeese 


. Treman, King & Co., hardware... 
ore WW nlerrick. slabor iss a oe. 
. Andrus & Church, letter-heads.... 
4. Postmaster, 500 stamped envelopes 


see eee ee eee 


see ee ee 


G:. W)) Hernek labor), <23 id neha. 


see esos 


for entomological division 


eee ee eer eees 


eeeee eee see 


oe eee we ee ees 


Oe eat S OSC COR 


ees ee ee ees, 


oe eee eee eee 


eee etree eese 


eee ere eee ses 


eeoeeeeer ees 


eee ee eee ese 


eecereeeseene 


ee epee eevee 


oe ew wee ee oe 


eee sees sees 


For Botanical Division. 


. Gustav E. Stechert, books........ 
. Andrus & Church, stationery 


oe eee ees soe 


. HE) Steiger. & Co,, appatatiiss 2, 0. Der souae es 


wo 
— 
Or 


17 20 


15 00 


$248 86 


364 AgricuttTuRAL Experiment Srarion, IrHaca, N. Y. 


1892. 
Nove + °2.. Guatav.) EK. Stechert) books. 9. see .c'2.0W a ae $1 44 
23. White & Burdick, two gallons alcohol ........ 5 00 
Sept,’ .. 1. A. (Bi Seymour, books), 5... 51:4 peitien careers 7 22 
Dec. 9: ‘The! Bool. C65 Ttoratinrer ss 4 eee. eae 52 00 
12. Andrus & Church, stationery ................ 1 50 
Oct. 7. White & Burdickjghemicals $s. 0.34.6 irae owles 20 
AG; Hing dé, Miller, paper... leqMa’. wi. Sete idl S wees 32 

7. Treman, King a5'Co., tin! works 3. 2.02. eer 20 . 
Nepis, 30: Bush. & Deans sloth! * ele edehs. «ot cline 1 14 
28.° J.B. McAllister, sundries: ¢ sient .s').). aha 10 
Dec™) 27. Larkin Brop,, sundries. capi. meester. clue 16 
Noy. 9. R. A. Heggie & Bro., platinum work ......... 50 
Dec. 24. Franklin Educational Co., apparatus.......... 14 64 
13. Gustav E. Stechert, books........... Sheet. 4 88 
1898. ' 
Jan. Bo lati Colt, Ghemigals/s-vja 2 ovcbeee «a etaeraeee bh dS 
18. Andrus & Church, stationery ..............5- 6 30 
Mar. 25. White & Burdick, rubber tubing............. 50. 
Jan. T., Bate, Brop’) eranite pitcher sea balsrcsiscier ee we 1 25 
Potaltor motanical divishony:.. a. hea vas ee oak $333 14 
For Chemical Division. 

1892. 
July 16. Andrus & Church...... ei pale eidle SEMAORe &. aih 2s $5 25 

1893. 
Marto) 1.9) AMER WOAMAN, (LOPAITS:. cya ae sachets enim hays! g 89 
Total for chemical division) 3si)2cn.... epee bays <b oe $6 14 

For Columbian Exposition. 

1893. 
Jan, 4. R. A. Pearson, labor........ 6600s sees eee eens $12 20 
5. National Express Co., expressage ............ 65 
17. Andrus & Church, one copy Cornellian ....... 1 00 
23. Whitall, Tatum & Co., show bottles.......... 2 80 
Hea. 3..b. and: RoR. eaio.; freights iets chee» oe 62 
San. 1 @7. E. Cl and N..R. Mistreights ..1480. Soog eer 55 


mep.6028. D., Loand W. Rai, freight ary as. 29 eee 50 


May 


Mar. 


Recrrpts AND EXPENDITURES. 


20. P. and R. R. R. Co., freight 


27. H. H. Wing, sundries 


ses ee oe eo oe 


30. Eimer & Amend, glass jars............ 


2. United States Express Co., expressage 
1. National Express Co., expressage 
29, B. F. White, enlarged photos 
June 3. V. T. Wilson, making chart 


205 Ha), Bort, making charts? 5). < det. es es 


Total for Columbian Exposition 


ee eveene 


29. United States Express Co., expressage 
30. National Express Co., expressage 
30.. United States Express Co., expressage 
27. Western Union Telegraph Co., messages 
29. H. C. and N. R. R. Co., freight 


eeece sees 


75 00 
27 00 
10 00 


$165 78 


——_—_—$—$——_———— 
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